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ABSTRACT 


The Santa Clara Valley Water District (SCVWD) owns and operates a water 
reclamation facility located in the Palo Alto Bay lands area in Northern 
California. The purpose of the facility is to evaluate the technical and 
cost feasibility of producing high quality reclaimed water in Santa Clara 
County. The SCVWD requested NASA to move their Water Monitor System to the 
reclamation facility to provide the district with data to help them evaluate 
the individual treatment processes and the entire treatment train. The field 
demonstration test period at the SCVWD Water Reclamation Facility began in 
July 1977 and ended in February 1981. This technical summary is divided into 
two major parts. The first part covers the results of the data gathered by 
the WMS and the SCVWD from January 1978 to September 1979. The second portion 
of the Technical Summary covers the results of the data gathered from July 
1980 through February 1981. 
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SCVWD-WRF/PA RAr.KGROUND 


The Santa Clara Valley Water District, in cooperation with the Cities of 
Palo Alto, Los Altos, and Mountain View, embarked upon a developmental program | 

of water reclamation and injection of the reclaimed water into underground ! 

aquifers in the South San Francisco bayfront area. The purposes of this program 
were to demonstrate the technical and economic feasibility of certain recla- 
mation processes, and to attanpt to provide a freshwater barrier to the 
intrusion of saltwater into a shallow aquifer. The wastewater supply to this 
system is the effluent from the Palo Alto Regional Water Quality Control Plant. 

The Water Reclamation Plant provides tertiary treatment to the secondary 
effluent from the Palo Alto city plant, and in addition to its basic function 
of providing a supply for groundwater recharge, the reclamation pUnt can 
produce water of lesser quality for use in golf course irrigation or as a 
supplemental supply for the Palo Alto city plant's Reclaimed Water System for 
in-plant use. 

The project took advantage of unused existing facilities at the Palo Alto 
plant in the construction of certain process units. An old clarifier was 
converted to a combined flocculator/clarifier, an unused sludge digestion tank 
has been used for reclaimed water storage, and an old vacuator structure has 
been adapted to house filters. 

WMS BACKGROUND 

As an outgrowth of its involvement in water reclamation and water quality 
monitoring for both spacecraft and domestic applications, NASA has conducted a 
project to develop and test an automated WMS (Water Monitor System). The objec- 
tive of this project was to develop a system whereby water quality monitoring 
could be performed as it would be done in a spacecraft, on-line and in real-time. 

The design goal was to establish the capability to determine conformance to 
future high effluent quality standards, and thereby increase the potential for 
reclamation and reuse of wastewater. The resulting system includes both com- 
mercially available and NASA-developed sensors, an automated sample collection 
and distribution system, and a computerized data acquisition and reporting 
system. The project completed assembly and checkout of the WMS under separate 
contract (Reference 15). The project then entered into the field demonstration 
test phase which ended on February 28, 1981. 

TEST PROGRAM 

This report is a summary of test data recorded during the test period, 

January 1978 through February 1981. Data were recorded on the operation of the 
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reclamation facility and its individual processes and on the operation of the 
WMS. These data included reliability and availability statistics, downtime 
and maintenance, and operations costs. The test program was divided into two 
major parts. The first part of the test program and of this report covers 
the results of the data gathered by the WMS and the SCVWD from January 1978 to 
September 1979. The second portion of the test period and of this report 
covers the results of the data gathered from July 1980 through February 1981. 
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SECTION 2 

PART I FIELD DEMONSTRATION TEST RESULTS 


This section will cover the results from the data collected by the WMS 
and the Santa Clara Valley Water District. 

TEST OBJECTIVES/ACCOMPLISHMENTS 

The primary goal of this phase of the field demonstration program was to 
determine the benefits and costs of continuous monitoring as a basis for main- 
taining high effluent quality in a wastewater treatment application. In 
support of this goal, key test objectives were identified. The accomplishments, 
thus far, in satisfying these objectives are highlighted below. 

1. Characterize trea^nt process performance and define the key 
parameters for maintaining an optimum effluent quality . 

Accomplishments : The performance of each of the unit processes ] 

in the reclamation facility has been measured in terms of the 

WMS parameters over a wide range of operating conditions. These 

data, along with an interpretation of their meaning, are presented ] 

later in this section. 


2. Define how the WMS concept of continuous automated monitoring 
might be applied in the reclamation facility . 

Accomplishments ; Several opportunities for process control have 
been identified. These are discussed at the end of this section. 
The potential economic impact of certain unusual control concepts 
is also presented. Additional work will be required before these 
concepts are proven feasible. The task of developing process 
control algorithms for normal process functions is currently in 
progress. 

3 . Demonstrate the performance of the NASA-developed sensors . 
Accomplishments : 

A. Chemiluminescence Biosensor 

The capability for measuring viable as well as total bacteria 
was incorporated into the sensor. The sensor proved to be the 
most reliable method of measuring the performance of various 
processes for biological solids removal. (Dependence on the 
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biosensor for solids removal data has steadily increased with 
experience. The other major source of this information, turbidity, 
has proven to be of questionable value due to unexplained in- 
creases across the filtering process, possibly due to sensor 
susceptibility to entrained gases or to particle size.) However, 
efforts to correlate the biosensor to col i form, the current standard 
for effluent biological quality, were unsuccessful. This result 
might be expected considering tnat col i form represents less than 
1 percent of the total bacterial population. A more comprehensive 
survey to relate the biosensor to other biological measures, in- 
cluding virus, might be fruitful but is beyond the scope of our 
current efforts. It was intended to test another potential biosensor 
application, biological control of the activated sludge process; 
however, resource constraints prevented the necessary planning. 

The operation of the bioluminescence (ATP) sensor was terminated 
when it was found that chemiluminescence, with the addition of 
the viable bacteria capability, provided similar information. 

Low operating cost and simplicity strongly favor chemiluminescence. 

B. Hydrogen Sensing Col i form Detector 

An extensive test program was performed to compare sensor per- 
formance against the standard method, MPN test. A random inter- 
ference was found when testing water at very low concentrations, 
after disinfection. The interf erring bacterium was isolated and 
was shown to imitate, by chemical means, the hydrogen gas pro- 
duction of the col i form. A change in the sensor configuration 
eliminated the interference problem. 

C. Trace Organics Sensor 

The gas chromatograph was calibrated for nine compounds which 
include the tribal omethanes - chloroform, bromodichloromethane, 
dibromochloromethane, and bromoform. The calibration results, as 
well as split samples with the Ames Research Center and Stanford 
University, have shown good accuracy down to at least a level of 
5 ppb. Procedures have been developed to resolve recent problems 
with excessive colimin bleed. As discussed later in this section, 
the instrument has been useful in several instances but particularly 
in characterizing the solvent dumping practices of local industry. 


Characterize the performance of each element within the WMS in terms 
of availability . 

Accompl i shments : This section presents an evaluation of each of the 
WMS elements and reflects the reliability problems encountered with 
many of the commercial sensors. 
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CONCLUSIONS 

Continuous monitoring of various biological and physical /chemical treat- 
ment processes has identified certain key parameters which influence effluent 
quality. Work was conducted in order to expand and apply this knowledge by 
developing control algorithms where the monitoring system would be utilized 
for direct process control and housekeeping functions. The Information 
collected shows that an automated monitoring system could support the following 
plant control functions, thereby maintaining effluent quality while preventing 
wasteful expenditures for consumables and energy. 

1. Efficient solids removal in the flocculation process by optimum 
control of the feed rate of lime and flocculant aids, sludge return 
rate, and sludge wasting rate based on influent conditions. 

2. Minimum aeration conditions (0, 1, or 2 aerators) for effective trace 
volatile organics removal to support desirable biological growth 

in the granular activated carbon (GAC) and to comply with effluent 
discharge restrictions for dissolved oxygen. 

3. Filter backwash frequency based on head loss and effluent discharge 
restrictions on dissolved oxygen. 

4. Activated carbon maintenance scheduling to provide acceptable 
performance at lowest maintenance cost. 

5. Effluent neutralization by recarbonation dosage control to comply 
with the effluent restriction on pH. 

6. Disinfection (chlorination and ozonation) based on flow and dosage 
requirement. 

7. Selection of plant flow and process stream configuration based on 
desired effluent quality and existing influent conditions. 

Of the 24 parameters measured by the WMS, a few provided the bulk of the 
useful information in that they reflected change in water quality produced in 
the reclamation processes. These were: 

Total Organic Carbon 
Total Halocarbons 
Dissolved Oxygen 
Biomass 
Turbidity 

Total Residual Chlorine 
pH 

Ammonia 

Nitrate/Nitrite 

Thus, these are the available parameters which, potentially, can support 
process control. The other inorganic parameters were essentially unchanged 
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1n the treatment process since ion exchange of reverse osmosis is not among 
the reclamation processes at this site. On the other hand, the capability 
for measuring phosphorus and heavy metals, which are removed in lime clari- 
fication, was not available in the WMS. Thus, the contingent of sensors on- 
hand was rot tailored to all specific needs of this particular facility but 
the data crovided are judged to be adequate for the purpose, even though not 
comprehensive. 

Sample Collection and Distribution 

The system provided itself to be extremely successful in doing what it was 
designed for: to continuously deliver both a filtered and unfiltered sample 
to the sensors. The system demonstrated its ability to filter samples ranging 
from tap water to primary effluent with a minimum amount of maintenance. The 
5C micron stainless steel filters showed that they removed the large particles 
from the stream without affecting the parameters measured with filtered sample. 
It was found that the biggest hazard for the filters was grease from the 
sample. This was not only a problem during operation, but also during cleanup. 
After extensive testing, an effective method of cleaning the grease from the 
filters was developed. The syster demonstrated that the concept of multipoint 
sampling is very feasible. 

Sensors 


Cormercial Sensors 


The performance of the commercial sensors varied greatly. On one extreme, 
the Sigrist Photometer performed throughout the test period with hardly a 
single malfunction and a minimum of required maintenance. On the other hand, 
the chloride analyzer was out of service 65% of the test period, either for 
repair at the manufacturer's or for troubleshooting at the VWS. The remainder 
of the commercial sensors fell somewhere between these two extremes. The major 
problem cited with these sensors as a group was reliability. Mechanical and 
electronic failures were a continuing problem.' However, in defense of these 
sensors it must be noted that several of the sensors were not designed for 
the type of continuous 24-hours a day, seven days a week usage. Additionally, 
all these sensors are at least 42 months old, and several are over 50 months 
old. It is reasonable to expect that during that period of time the various 
manufacturers have made significant changes and improvements to their sensors. 
The feasibility of computer controlled auto standardization was successfully 
demonstrated. In any type of sensor operation, this would result in a signif- 
icant decrease In the amount of manpower required to maintain and operate the 
system. 

Chemiluminescence Biosensor 


The state of the art for an automated chemiluminescence biosensor has come 
a long way during the test period. The mechanical and electronic reliability 
of the sensor has been extremely good, especially for a prototype. 
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Conform Detector 


1 

The conform detector demonstrated itself to be quite reliable, both 
mechanically and electronically. The only significant electronic failures were 
the three electrodes, three thermistors, and two temperature control boards that 
failed. However, all these components were at least 3 years old at the 
time they failed. Both the reproducibility and validity of the detector 
adequately demonstrated using seeded samples. 

Gas Chroma t ograph 

The chromatograph has proven to be a realiable instrument for monitoring 
volatile halogenated organics. The instrument has operated without any major 
problems since its installation over 1-1/2 years ago. The method was shown to 
be accurate down to 5 parts per billion. It appears that this level is the 
sensitivity limit with this method; however, this sensitivity should be 
sufficient for monitoring potable water. 

The chromatography for the nine monitored compounds is adequate. The 
chromatography for methylene chloride and 1,2-dichloroethylene could be 
improved and would probably yield somewhat more accurate results. In addition, 
several as yet unidentified compound peaks can be found in the chromatograms. 
Identification of these peaks will provide additional information in the 
characterization of the water quality. 

' Deionized Water System 

The system functioned quite reliably throughout the test period. The only 
significant mechanical failures were those involving the pump Impeller. These 
were typically due to operator error. Bacteria contamination of the storage 
reservoirs was periodically a problem. The system's capability to provide a 
continuous supply of reagent grade deionized water made the sensor system 
possible. 

Other Sensors 


Attempts to develop a total nitrogen sensor were unsuccessful. The following 
describes the test system and problens encountered. The IBC/Berkeley Nitrogen 
Analyzer receives the noncondensable combustion gases from the TOD analyzer 
and determines the concentration of nitric oxide by measurement of the potential 
between two electrodes. During the combustion at 850°C, nitrogen compounds 
in the sample are converted to nitric oxide; thus, a total nitrogen reading is 
provided by the instrument in the rcr:ge of 10 to 10000 ppm nitrogen. Testing 
results showed inconsistent performance for this measurement. It was discovered 
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that medsuretnent sensitivity was considerably greater for nitrogen in the 
form of nitrates than that in the form of ammonia (about 5 to 1). It was 
concluded that a large portion of the ammonia nitrogen was being reduced to 
nitrogen gas (N 2 ) rather than to nitric oxide (NO). A sensor utilizing 
chemiluminescence for detection was tried with similar results. Thus, a 
mixture of nitrogen compounds In a sample must be converted to a single form In 
order for this technique to be accurate. 

WMS PERFORMANCE EVALUATION 

Sample Ccliectlon and Distribution System 

Figure 21 shows the location of the six sampling points used during the 
test period, which Included water of a quality ranging from primary to tertiary 
treated wastewater. The system worked very well throughout the test period. 
Fifty micron woven stainless steel filters were used for filtration purposes 
for 80% of the test period. The remaining 20% of the time, thirty micron woven 
stainless steel filters were used. Due to the high flow rate of sample across 
the filter surface and the backflushing action, the system had no difficulty 
removing particles and debris from the sample stream. This was true even for 
the primary effluent sample from the Palo Alto waste treatment plant. However, 
what did present a problem was the grease contained In the primary and secondary 
effluent sample stream. Within about 4 days, the buildup of grease would be 
enough to reduce the filtered sample flow below the required 2000 ml /min. flow 
rate to the trailer. Additionally, when the filters were removed for cleaning, 
the grease was extremely difficult to remove. In order to prevent a loss of 
sample flow, a schedule was established where the filters were changed three 
times a week; on Monday, Wednesday, and Friday. This schedule proved to be 
extremely effective In preventing any significant drop in filtered sample flow 
rate. Various solvents, acids, and detergents were tested for their ability 
to clean the filter screens so they could be reused. Finally, a procedure 
was developed which thoroughly cleaned the filters. As soon as the filter 
screens were removed from the filter housing they were rinsed with tap water. 
Next, the filter screens were soaked In a solution of enzyme detergent and 
water overnight. The filter screens were then placed In a solution of Isoterge 
detergent and soaked overnight. The filter screens have been reused numerous 
times using this cleaning procedure. 

Overall, the sample collection system performed well with only a minimal 
number of failures. During the test period four pump boots failed. Two of 
these were due to loss of sample flow over a long period of time (2 days). 

One boot failed due to a bad universal joint In the Monyo pump. The last boot 
failed due to overpressurization when two sample lines In the trailer became 
clogged. Also during the test period each pump had to have Its bearings 
replaced. The Red Valves which are used on the sample collection system wo*^ked 
quite well. Five of the valve liners had to be replaced during the test period. 
Each of these five developed a small leak after almost a year of operation. 

Six of the Red Valves had tygon tubing used as a pneumatic line. This proved 
to be a mistake as the tygon softened with age. This resulted In three of 
the lines rupturing. All the lines were replaced with 1/4" polyethylene 
tubing. During the test period one of the Bimba air actuators used for the 
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backflush system failed. Additionally, the gears on one of the backflush 
timers had to be replaced due to excessive wear. The only parts of the system 
which had repeated failures were the pressure gauges. The original gauges had a 
life expectancy of 4 months due to pressure surges from the backflush system. 
Snubbers were installed on all the gauges. However, this did not solve the 
problem. Finally, the gauges were replaced with liquid filled gauges manufactered 
by U.S. Gauge. 

Total Organic Carbon (T0C)/Total Oxygen Demand (TOD) 

The Astro Ecology TOC/TOD Analyzer was modified to allow Tnr computer 
controlled automatic calibration. This system consisted of two teflon air 
actuated slider valves, two pilot valves and two micro switches. The slider 
valves were used to switch from sample to either zero or span standards. The 
micro switches were used to send the valve^ status back to the computer. 

The TOC analyzer worked quite reliably. However, several problems did 
show up during the test period. First, due to the high temperature (850°C) 
of the reactor, corrosion from the acid reagent caused the reactor to eventually 
fail. It appears that the life expectancy of the reactor is between 18 to 
24 months. Another problem area was that the sample pumps were poorly located. 

If a pump tube failed it could result in water filling the furnace compartment. 
Since the construction of the WMS TOC Analyzer, the manufacturer has corrected 
both these problems. Due to the fact that the infrared analyzer was located 
in an adjoining rack, the line from the reactor to analyzer was longer than 
normal. As a result, condensation took place in the line. To prevent this, 
a 40 micron prefilter was installed in the line. Additionally, a trap was 
installed at the low point of the line. This prevented small amounts of moisture 
fran accumulating and reducing the sainple gas flow to the infrared analyzer. 

Also, a manual three-way valve was installed in the line to the 50 cc sample 
pump. This allowed grab samples to be easily tested. To verify the accuracy 
of the analyzer, numerous split sanples were run in the SCVWD lab. The results 
of the comparisons showed good correlation of data. Comparisons were made with 
both TOC and TOD standards with less than S% error. One of the difficulties 
with sampling of both primary effluent and Reclamation Plant effluent is that 
the analyzers must be scaled to read the high primary values. As a result 
the analyzer is not as exact as it would be on the lower scale. This was 
especially a problem for the TOC analyzer. The TOC values for primary effluent 
were often over 100 ppm, while they were as low as 1.0 ppm for the Reclamation 
Plant effluent. 

The TOD analyzer used the same reactor as the TOC analyzer. The sample gas 
' was routed from the reactor to the TOC infrared analyzer, then to the TOD 

analyzer, and lastly to the vent. A problem with the electronics overheating 
was discovered with the TOD analyzer. This was due to the location of the fiber- 
glass box, which contained the electronics, within the same rack as the reactor. 

An attempt was made to relocate the electronics in another rack; however, it was 
' found that the increased resistance from the longer wires was too high. The 

[ electronics were remounted in the old location. The door to the electronics 

I was left open to allow cool air to enter. This stabilised the temperature and 

[ the data output. The most serious problem with the TOD analyzer was that tne 
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analyzer was designed for a range of 0-1000 ppm and the water sampled was 
generally In the range of 10 ppm. As a result, the accuracy of the measurements 
varied. This was not so much a design problem with the analyzer as It was a 
problem of trying to apply an Instrument Intended for Industrial effluent to 
reclaimed wastewater. 


Hardness Analyzer 

The analyzer provided good, reliable data with few exceptions. The only 
problems encountered were when samples of primary effluent or secondary 
effluent were being analyzed. There Is an apparent Interference In the primary 
effluent which causes the analyzer to consistently read erroneously low values 
(less than 50 mg/L). The problem with the secondary effluent was apparent 
only 5% of the time. The analyzer would, on these occasions, show an erroneously 
high value. The Interference would cause a Jump In the reading of 200 to 500 ppm. 
The exact nature of the interference has yet to be determined. One possibility 
that is being studied Is that the high residual chlorine level of the secondary 
effluent may be affecting the data. However, as stated earlier, the sensor 
operated very reliably 95% of the time. The other minor problems encountered 
during the test period Included periodic rupturing of the analyzer's pump tubing. 
This problem was practically eliminated by replacing all the pump tubing every 
2 months. Another problem was leaking "0" rings in the electrode holder. In 
the beginning of the test the "0" rings had to be replaced with a thin rubber 
gasket. This replacement gasket solved the problem. 

Nitrate Analyzer 

The analyzer was only run during the first month of the Phase I test period. 
During that month it was found that the levels were consistently less than 
1 ppm. It was decided by NASA and SCVWO that at that level the nitrate was 
not a concern and that It would not be necessary to continue to run the analyzer. 
During that brief period of operation the foUowing o>')servat1ons were made. 

The analyzer Is fairly labor intensive due to the wet chemistry method of 
analysis used. Two gallons of reagent must be mixed each week. Additionally, 
due to the large number of pumps and drains used In the system, the analyzer 
needed to be frequently monitored for leaks. While on-line the analyzer did 
provide accurate and reliable data. 

pH Analyzer 

The Great Lakes Instrument Model 70 pH Analyzer generally provided good, 
reliable data. The sensor required calibration on an average of once a week 
during the test period. There was no serious fouling of the probe as a result 
of sampling primary or secondary effluent. The probe was removed once a month 
and checked for accumulations on the electrode. The electrode tip was cleaned 
In a 0.1 N acid solution If a significant accumulation was found. When 
calibrated, a pH standard of 7 was first used, then a pH standard of 10 was 
used to check the slope. One problem, which hampered operation of the sensor, 
was that air bubbles would come out of the sample and become trapped in the 
flow cell. When enough air bubbles would accumulate in the flow cell, the 
electrode would lose the necessary contact with the sample. This would result 
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in the analyzer reading approximately .5 pH unit lower than the sample actual 

value. To resolve this problem a hole was drilled into the top of the flow 

cell to vent off the trapped air. This modification worked quite well. 
Throughout the test period the analyzer was supplied with 50 micron filtered 
sample. Shortly after the end of the test period the analyzer began to 
generate slightly erratic data. The epoxy used to build the probe began to 
pull away from the electrode body. At this point the probe was replaced with 

a new probe. With the new probe installed, the results were as stable as 

ever. Based on this information, the life of the pH probe is estimated to 
be 3 years. 

Total Residual Chlorine Analyzer 

The analyzer was generally very reliable and provided good, accurate data 
throughout the test period. The analyzer was modified with the WMS auto 
standardization system. The analyzer required a minimum amount of routine 
maintenance during the test period. The analyzer encountered some problems 
with clogging due to particles clumping together in the small diameter tubing 
(1/32") leading in an' out of the flow head. It was found that this was not a 
significant problem a^ long as the analyzer was operated continuously. How- 
ever, if the analyzer was shut down for any period of time over 3 hours, 
the chances of clogging were greatly increased. Therefore, it is recommended 
that if possible, avoid prolonged shutdowns of the analyzer. If the analyzer 
should run out of reagent, it is recommended that the data switch be turned 
off and the analyzer run with deionized water in place of the reagent. On 
several occasions the pump tubes for the analyzer would fail within the pump. 

To prevent this problem it is recommended that the pump tubes be replaced 
every 2 weeks. Throughout the first half of the test period the analyzer's 
results were compared once a week with the SCVWD lab results on a split sample. 
The results were consistently within .1 ppm of each other. Periodically, 
every 2 months, the electrodes were removed from the analyzer and polished 
with Orion Rese'<^ch polishing strips. This prevented an accumulation of debris. 
It is recommer ,d that the two electrodes be replaced every 6 months. 

The schedule . auto calibration once a day appears to be fine. Both the zero 
and span drift in a 24-hour period are approximately A% full scale. 

Sodium Analyzer 

The Beckman Sodium Analyzer provided good data reliably throughout the 
majority of the test period. The only time that it did not perform was a two 
month period when it was out of service while awaiting arrival of a replacement 
sodium electrode. The major drawback to the analyzer is the high number of 
manhours required for routine maintenance. The analyzer is equipped with the 
WMS auto standardization system, and is calibrated once each day. One reason 
for the high number of manhours is that both gallon containers of standard 
(zero and span) must be refilled each day. Another reason is that the flow 
system must be disassembled and cleaned once each week. This is due to the 
fact that the anhydrous ammonia causes the particles in the sample to clump 
and settle in the flow system. The anhydrous ammonia is necessary to adjust 
the pH level of the sample prior to introducing it to the electrode. When 
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cleaning the electrode and flow system, it is suggested that a dilute solution 
of HCL be used. Split sample comparisons with SCVWD lab were routinely made 
during the first part of the test period. The results showed an excellent 
correlation within 20 ppm. Tests were run to see if the analyzer could be 
operated without the anhydrous ammonia in order to reduce the amount of 
required maintenance. The results of the tests indicate that without the 
ammonia pretreatment the values are approximately 50* lower tha ^he actual 
value. One problem which was encountered was the unavailability of a replace- 
ment sodium electrode from Beckman. The original electrode was broken during 
a routine cleaning operation. When Beckman was contacted to order a new 
electrode there were none available off the shelf. A shorting problem had 
been found in the cable from the electrode to the analyzer. It took 2 months 
before the problem was fully resolved and the electrode delivered. 

Temperature Analyzer 

The two Action Pac Resistance Thermal Detectors worked without any problem 
during the test period. One of the electronic boards had to be replaced when 
it shorted out due to a major water spill. The two units were then relocated 
to prevent a recurrence of the problem. The probes were periodically checked 
with a thermometer to verify their readings. They showed essentially no drift 
during the entire test period. 

Turbidity Analyzer 

The Sigrist Photometer Turbidimeter Model UP52-TJ worked extremely well 
throughout the test period. The analyzer provided excellent data with a bare 
minimum of routine or unscheduled maintenance. The only component which failed 
during the entire test period was the replaceable light source. The only 
routine maintenance required by the instrument was a once a week cleaning of 
the mirror in the flow cell and a calibration. The TJ25 flow cell was used 
throughout the test period. The 0-100 mg/1 Si02 standard was compatible with 
primary effluent and reclamation facility effluent. Some problems were 
encountered with the sample line running from the trailer wall to the analyzer. 
On several occasions the line would become clogged with debris. To resolve 
this problem the line was modified to remove all elbows and increase tM 
diameter of the tubing. Since this modification was made there have been no 
more stoppages. A problem was also encountered with the drain line bec'jming 
clogged, resulting in an overflow of sample. This problem was resolved by 
removing the elbow in the drain line and doubling the diameter of the line. 

Ammonia Analyzer 

A serious problem with precipitates greatly hampered operation of the 
sensor during the first part of the test period. The precipitate was brownish 
in color and would appear in the color analysis tube for the sample. The 
precipitate would build up to such a point that the data generated by the 
analyzerwere invalid only a few hours after calibration. Extensive testing 
was done to find a method of preventing the precipitate from forming. Finally, 
it was found that by deleting the sodium ni troferricyanide reagent, the problem 
could be resolved. The manufacturer stated that for levels above 1.0 ppm of 
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anwonia, the sodium nitroferrlcyanide was not required. The stability of the 
analyzer improved greatly after making this change. The analyzer was calibrated 
for a range of 0-40 ppm. This range was satisfactory for the primary effluent 
as well as the reclamation plant effluent. Another problem area was the pump 
seals used in the analyzer's sample pump, reagent pump, and drain pump. These 
seals would last an average of two months before they would have to be removed 
and replaced. Once they were removed they could be reused after cleaning and 
soaking in tap water for 48 hours. The metricone had to be removed once during 
the test period. This was necessary to polish out several small grooves in 
the teflon metricone. The gear drive train for the metricone had to be 
replaced once during the test period. All the plastic fittings had to be 
resealed during the beginning of the test period. This was due to the fact 
that the adhesive used by the manufacturer was dissolved by the analyzer's 
reagents. 

The analyzer was equipped with the WMS auto standardization system and 
was automatically calibrated once each day. The span standard solution needed 
to be replenished once a week, as did each of the two reagents. Because of 
this, the analyzer was quite labor intensive. Samples were repeatedly split 
with the SCVWD lab. The analyzer's results were consistently within .5 ppm 
of the standard method results. It was found that the overhead lights in the 
WMS trailer had a noticeable effect on the readings. Because of this it was 
decided that the interior trailer lights would be left on at all times to 
provide a consistent background light level. 

Chloride Analyzer 

Operation of >he analyzer proved to be difficult throughout the test period. 
It appeared at the beginning of the test that the sensor was working reliably; 
however, the sensor soon began to show signs of severe drift problems. Extensive 
calibration tests failed to resolve the problem. The probe and associated 
electronics were shipped back to the manufacturer for repair. It was determined 
by the manufacturer that the probe needed to be replaced; a replacement probe 
was received. Initial calibration tests indicated that the new probe was stable 
and accurate. The instrument was remounted in the trailer; however, problems 
quickly appeared. The WMS values were consistently lower than the SCVWD 
lab results for a split sample. While efforts were underway to resolve that 
problem, the analyzer began to exhibit a new problem. The analyzer would 
calibrate quite well, but when a real sample was introduced, the sensor would 
start to drift upward. The start of the drifting would occur after approxi- 
mately 4 hours in the sample stream. The readings would continue to drift 
upward until going off scale high. This would normally take about 3 days 
of the probe being in contact with the sample. If the probe was then placed in 
a standard solution, the readings would accurately indicate the value of the 
standard after a 2 hour period. A five times normal- solution of sodium 
nitrate was tested as an ionic strength adjuster. It had no appreciable effect 
on the readings. At this point the probe and electronics were returned to the 
manufacturer for repair. It was determined that the probe was being poisoned 
by some unknown interference in the sample. 
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Conductivity Analyzer 

The Beckman analyzer performed throughout the test period without any 
significant problems. The values were frequently checked with SCVWD lab 
results for a split sample. The results showed excellent correlation 
(r * .99). Periodically the flow cell was removed from the flow system and 
checked for buildup on the cell walls. 

Dissolved Oxygen Analyzer 

The Delta Scientific D.O. analyzer performed quite well during the first 
half of the test period. However, the analyzer then began generating erratic 
data. The cause of the problem was not locatable. The probe and associated 
electronics were returned to the manufacturer for repair. The manufacturer 
found the probe had failed and had to be replaced. During its operational phase 
the analyzer was calibrated once a week. This was done using a zero standard 
and a span standard of known concentration. One problem encountered with the 
analyzer was that the sample line from the trailer wall to the probe would 
become blocked with debris. In order to resolve this problem, the line was 
replumbed to remove all the elbows and increase the diameter of the tubing. 

This left only one problem area, the flow control valve. It was found that 
this valve had to be watched closely to verify the flow rate to the probe. 

If the samples monitored included primary effluent or secondary effluent, 
it was necessary to check the flow cell weekly for a buildup of particulate 
matter. 

The Honeywell Model 551011-00-01 dissolved oxygen sensor worked reliably 
throughout the majority of the test period. Some electronic problems developed 
with the sensor toward the end of the test period. As with the Delta Scientific 
D.O. sensor, it was necessary to replumb the sample line from the trailer wall 
to the sensor. This was done to prevent the sample line from clogging with 
debris. The analyzer was checked with a Hach wet chemistry D.O. kH on a weekly 
basis. Once each month the zero value was checked using a zero standard. The 
sensor experienced some contamination on the bottor of the flow cell and the 
probe. This especially became a problem when analyzing primary or secondary 
effluent. As a result, it was necessary to check the flow cell once a week 
for debris. 


Chemiluminescence Biosensor 


The chemiluminescence biosensor currently processes and measures total and 
viable bacteria once each 1-hour period. Typical values measured in the 
various wastewater effluents monitored by the WMS are illustrated in Figure 1. 
The sensor is routinely calibrated using a Coulter electronic particle counter 
and the firefly luciferase - ATP assay for total and viable bacteria, 
respectively. 

To measure viable bacteria with an automated luminol chtm I luminescence 
system, the laboratory single sample injection method developed at Goddard 
Space Flight Center had to be converted to a flowing system where reagents 
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and samples could be processed with peristaltic pumps. The major problem 
concerned handling the carbon monoxide-treated sample. It was known that 
light reverses the binding of the carbon monoxide with the iron porphyrins 
of viable bacteria. The carbon monoxide pretreatment had to be performed in 
the dark and the sample had to be protected from light until after the subse- 
quent analysis. This was achieved by locating the carbon monoxide bubble 
chamber in a dark box and by using black tubing for transferring the sample 
from the chamber to the reaction coil. 

In addition to the carbon monoxide required for the determination of viable 
bacteria, air had to be bubbled through the sample for accurate determination 
of total bacteria. Without the air treatment, total bacteria counts were 
artifically high, a fact still unexplained. 

The biosensor schedule originally required 2 hours for a measurement of 
both total and viable bacteria. The schedule was later shortened to 1 hour 
after tests confirmed that sample flush, air/carbon monoxide treatments, and 
analysis times were sufficient for accurate quantitation. 

A standard calibration method had to be developed to insure the accuracy 
and repeatability of the sensor. Calibrations were established using the 
Coulter electronic particle counter and the firefly luciferase - ATP assay 
for total and viable bacteria, respectively. The biosensor calibrations for 
total bacteria illustrated in Figure 4, Volume I, were reproducible for 
samples of cultured col i form bacteria or effluent samples. The calibration 
curve established by these points was y = 2.15 (X - (-^9.714)) where y equals 
10® cells/ml and X equals biosensor response in volts. ^ The correlation 
coefficient was equal to 0.96. The viable bacteria correlation curve illustrated 
in Figure 5, Volume I, shows much more scatter when cultured bacteria and 
effluent samples are compared. This may be due not so much to variations in 
biosensor response but due to variations in the ATP levels within the organisms 
grown in different environments and subject to various degrees of stress. 

The standard curve generated from the measurement of total bacteria is 
used for the calibration of the sensor. The stability and repeatability of 
these measurements make it the method of choice. Extensive research in the 
laboratory supports the extension of the method to calculate viable bacteria 
with relative confidence. 

The sensor has a lower sensitivity limit of 10^ cells/mlx is adequate 

for most municipal wastewater applications. The range of the biosensor is 
adjustable from a minimum of 2 logs (lOS-lO^range) upwards to infinity. Thus, 
the sensor can be readily adapted to measure concentrated solutions such as 
activated sludge (lO^ cells/ml). 


The previously established calibration curve of y * 1.66 (X - (-10.32)) has 
been left in the computer for the sake of subsequent comparison. 
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Correlation of the viable bacteria results of the biosensor presents special 
problems. Various values for viable bacteria can be obtained depending on the 
type of method employed. Each method measures a particular parameter associated 
with viability. The ATP method and luminol - CO method are measures of 
metabolism while the standard plate count method is a measure of the ability 
of a cell to reproduce and form colonies in an artificial environment. For 
this reason the luminol method cannot be expected to produce the same results 
as the plate counts. The ATP results have shown correlation with the luminol 
data; however, it is known that ATP levels within bacteria can fluctuate, 
depending on environmental conditions and growth phase. Due to this reason, 
the ATP method can be used for "ball park" ccxnparison and some deviations should 
be expected. Other methods for monitoring viable bacteria should be examined 
to further support and verify the biosensor results. 

Col i form Detector 


The major accomplishments concerning the col i form sensor are as follovs: 

1. An improved cleanup procedure was developed to better protect against 
cross contamination. The major improvement involved substituting 
0.1 N nitric acid for sodium hypochlorite reagent. In conjunction 
with this change, larger volumes and longer residence times of the 
bactericide were used. 

2. A new sensor configuration was devised to allow auto inoculation of a 
grab sample. The benefits gained from this action include better 
reproducibility, ease of inoculation, and progressing toward the point 
of on-line operation. Figure 9, Volume I shows the improved 

valve configuration along with a series of valve steps to facilitate 
computer controlled inoculation. 

3. A series of calibration curves were developed. The information gathered 
was used to compare the sensor to a NASA Ames col i form sensor, establish 
sensitivity and reproducibility limits, and to demonstrate the degree 

of agreement between the sensor values and MPN values. 

In order to calibrate the sensor, seeded samples were run and the 
reaction times were plotted against the MPN values obtained on the 
sample. The samples consisted of serial dilutions of unchlcrinateu 
secondary effluent using chlorinated secondary effluent (which had 
been dechlorinated) as diluent. The dechlorinated water was ur,ed as 
diluent in order to approximate the chemical composition of real world 
samples. Figures 10 and 11, Volume I show the fecal and total 
calibration curves which were obtained in the manner mentioned above. 
Linear regression analyses were run and gave the slope, y intercept, 
and r values for each calibration. For the fecal coliform calibration, 
the values were -1.26, 10.4b hrs., and 0.95, respectively. For the 
total calibration curve the values were -0.9, 9.04 hrs., and 0.95, 
respectively. By using the equation y = mx+b, the unknown (the 
original number of coliform bacteria in the sample) may be calculated. 
Whereas, y equals the original coliform concentration, m equals the 
slope, and b equals the y intercept. The reaction time is designated 
as the amount of time required to register a 200 m.v. drop from the 
electrode output. 
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The comparison between the WMS sensor and the impedance sensor showed 
that the instruments performed similarly. The r values for the WMS 
and impedance sensor were 0.95 and 0.98, respectively, for the fecal 
col i form calibration curve. For the total calibration curve, the r 
values were 0.95 and 0.96, respectively. 

4. In the course of operating the col i form sensor, several cultures of 
bacteria ( col i forms and non-col i forms) were obtained. It was discovered 
that one strain of non-col i form bacteria mimicked the m.v. response 
of coliform bacteria. This was a revelation in that previous experience 
had shown that non-col i form bacteria were incapable of driving the 
electrodes to the maximum negative point (-500 m.v.). This particular 
culture, however, gave negative responses equal to those of col i forms. 


5. After it became apparent that the m.v. readings were influenced by 

end products of metabolism other than hydrogen, a new cell configuration 
was devised which allowed only evolved gas to reach the electrode. This 
process involves venting gas from the growth cell to another cell 
containing saline and the measuring electrode. The line from the 
growth cell is submerged in the saline of the measuring cell so the 
electrode will sense the dissolved gas. Preliminary work with the 
above configuration indicates that col i forms may be distinguished from 
non-col i forms in this manner. More experimentation was needed, however, 
to verify this system. (This additional work was conducted in Phase II 
of the test period and is reported in the Phase II section). 


6. It has been determined that the lower limit of detection for the coliform 
sensor should be 2.2 coliforms per 100 ml. In order to achieve this 
level of sensitivity, it was deemed necessary to increase the sample 
size in order to increase the amount of coliforms inoculated. 


Gas Chromatograph 

The automated gas chromatograph separates and quantifies a total of nine 
volatile halogenerated hydrocarbons from wastewater samples within 50 minutes. 
Figure 2 is a typical electron capture detector (ECO) chromatograph from a 
secondary effluent sample using the current analytical column and temperature 
program. The calibration factors are based on calibrations using standards 
prepared in glacial acetic acid and diluted in distilled water prior to use. 

The data have been compared with NASA Ames Research Center and Stanford 
University Department of Civil Engineering for verification and found to be 
accurate to the 5 ppb level. 

Preliminary testing involved the use of a flame ionization detector (FID) 
and ECD. Various methods were tested to determine the optimum means for monitor- 
ing the volatile organics. The FID proved to be inadequate for measuring the 
low concentrations of organics due to the sensitivity limit of the detector. 
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Figur* 2 Typical Gas Chromatogram 
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Table 1 contains a list of the analytical columns and detectors tested and 
the reasons for their unacceptability. The principal criteria for column and 
detector selection were good separation of all the compounds of Interest with 
sensitivity below 10 ppb and an analysis time less than 1 hour. The SP-1000 
column used with the ECO met these criteria. While the SP-1000 column will not 
separate carbon tetrachloride from 1,1,1-trlchloroethane, Stanford University 
has Indicated that carbon tetrachloride levels are usually very low, <1 ppb. 

The 50-m1nute analysis time Is sufficient to permit both analysis and data 
processing within the 1-hour period at sensitivity limit of 5 ppb. 

The calibration method currently used was selected from several tested and 
is shown In Table 2. The calibration methods v/ere similar, with the primary 
difference being the solvents used for the standards. Table 2 shows the repeata- 
bility of the methods as reflected by the standard deviation. Glacial acetic 
acid proved to be the best solvent with a repeatability of + 5% and a shelf 
life of at least 14 days. Figures 3 through 11 Illustrate the calibration 
curves generated with the nine standards. 

Data have been continually compared with Stanford University and Ames 
Research Center for verification of accuracy of the results. The most recent 
comparison with Stanford University Is shown In Table 3. Split samples were 
taken and simultaneously analyzed. The results Indicate good correlation for 
those compounds observed at concentrations greater than 5 ppb, the sensitivity 
limit of the method. Previous comparisons have shown similar results. 

Deionized Water System 

The deionized water system performed very reliably throughout the test 
period. The system continuously provided the required quality of water. Due 
to poor quality of tap water fed to the system, the various filter cartridges 
did not last as long as originally anticipated. However, this was not the fault 
of the system. As expected, the average life of the Reverse Osmosis cartridge 
was found to be 1 year. The only significant mechanical failures were those 
associated with the pump impellers. On four different occasions the impeller 
had to be replaced. These failures were generally due to operator errors. 

The best pressure setting for the system was found to be 14 psig. Bacteria 
growth In the storage tanks was a recurring problem. Plate counts were 
routinely taken to verify the bacteria level In the tanks. When the level rose 
above 10 cells/100 ml, the tanks were sanitized with sodium hypochlorite 
and then flushed. A problem was encountered with carbon fibers escaping the 
carbon filter and clogging the Ion exchange filters. This proved to be a generic 
problem which was corrected by the manufacturer. The conductivity of the tap 
water and the RO filtered water was routinely checked to verify that the RO 
^ cartridge was removing 90% of the conductivity. Also, routinely the deionized 

water was checked on the gas chromatograph to verify that the carbon filter was 
removing the halogenated hydrocarbons. This proved to be a very useful test 
for this purpose. 

I Data Acquisition and Report Generation System 

Several types of peripheral and computer equipment have been Integrated to 
provide the real-time data acquisition and control capabilities of the WMS. 




TABLE 1 COMPARISON OF GC ANALYTICAL COLUMNS 


COLUMN 

DETECTOR 

COMMENT 

10' X 1/8" 10% SP-2250 (OV-17) 

FID 

Did not separate chloroform and 
1 , 1 » 1- tr1 chi oroe thane . 

Excessive column bleed. 

10’ X 1/8" 15% Carbowax 1540 
80-100 WAW 

FID 

Excessive column bleed. 

100' X 0.020" K-20M on Carbopak-C 

FID 

Excessive column bleed. 

10' X 1/8" 10% SP-2250 (OV-17) 

ECD 

Did not separate chloroform and 
1,1,1-trichloroethane. 

10' X 1/3" 20% OV-101, 1% 
Carbowax 1500 100-120 WAW and 
20' X 1/8" 20% FFAP on 60/80 
chrom WAW 

ECD 

Separates all compounds; 
however, analysis requires 
75 minutes to complete 

114' X 1/8" 0.2% SP-1000 
on 80/100 Carbopak C 

ECD 

Does not separate carbon 
tetrachloride from 1,1,1- 
trichloroethane. 
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TABLE 2 

SOLVENT 

HATER 

ETHANOL 

GUCIAL ACETIC 


REPRODUCIBILITY OF GC CALIBRATION MIXTURES 
MADE WITH VARIOUS SOLVENTS* 


AVERAGE STORAGE 

STD. DEV. (%) TIME 


ACID 


9.8 

8 

HRS. 

24.4 

8 

HRS. 

21.5 

4 

DAYS 

7.3 

8 

HRS. 

7.5 

7 

DAYS 

7.3 

14 

DAYS 


* 


Reproducibility based on tetrachloroethylene, chloroform, 
trichloroethylene, and bromoform in silanized glassware. 



AREA (UMITS) 



1 10 100 1000 

CONCENTRATION 

(ppb) 


Figure I Calibration Curve for Methylene Chloride - #2 
^ 1.244 LnA-9.370 



AREA UNITS 



CONCENTRATION 

(PP(>) 


Figurt S 


Calibration Curva 1, 2 - Dicioroathylana - #4 


C=a 


0.9731 LnA-8.297 
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AREA UNITS 






Ffgur* 8 Calibration Curva for Bromodichloromethane - #7 
^ 0.9404 LnA-11.08 
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CONCCirnMTION 

(ppb) 

Figure 10 Calibration Curve for Dibromochloromethane - #9 
^ 0.8558 LnA-9.668 









TABLE 3 WMS-STANFORD UNIVERSITY VOLATILE ORGANIC 

ANALYSES COMPARISON SAMPLES 11/20/78-3/12/79 


Cone. Range* 

No. Compound (ppb) 


1 

Tetrachl oroethyl ene 

1.8 - 150.0 

5 

Chloroform 

6.0 - 19.1 

6 

1,1,1-Trichloro- 

ethane 

3.0 - 105.0 

7 

Bromodichloro- 

methane 

0.5 - 4.0 

8 

Trichloroethylene 

0.2 - 36.0 

9 

Dibromochloro- 

methane 

0.1 - 2.0 

10 

Bromoform 

0.2 - 2.0 


* Based on Stanford University results 
(X, Y); (WMS, Stanford) 


n 

Correlation 

-V r 

Slope 

m 

Intercept 

b 

9 

0.9696 

0.9274 

-1.3950 

12 

0.8388 

0.3147 

4.4189 

15 

0.9817 

0.9767 

-1.1797 

15 

0.8401 

0.2294 

0.5071 

12 

0.9357 

0.8485 

0.4911 

11 

0.8706 

0,1770 

0.1254 

8 

0.2952 

0.2655 

0.3005 
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Monitor Labs, Inc. peripheral ecjuipment and device controllers have been 
interfaced to the Data General Corporation NOVA minicomputers via data bus 
extensions to the ML 4100 device control chassis. The ADAM system was designed 
and installed by Monitor Labs and has performed without significant incident. 

The EVA system was designed to utilize the KDOS capabilities for real-time 
operations and the ML devices for valve control. The original EVE system was 
configured with a Data General NOVA 1200 (32K) and a Diablo disk drive 
(2.5 megabytes). Intermittent core memory problems caused by overheating; 
software problems with multitasking caused by the insufficient memory; and disk 
space occurred with this configuration. The EVE system was upgraded to a Data 
General NOVA 3D (64K), Phoenix disk drive (10 megabytes), and conmuni cation 
system in May 1978. The EVE combination of the M 4100 device control chassis 
with the Data General connuni cation chassis and disk system result'd in an 
extension of the data bus that initially produced some signal noise. The 
problem was resolved after about 6 months of operation at Santa Clara by 
modifying the cabling to terminate the NOVA 3D data bus at the conmuni cation 
chassis instead of the ML 4100. 


Data Reports 

Report formats were developed to support a variety of data applications. 
These formats are described below. 

Instantaneous Data Reports 

Instantaneous data, updated each minute, are displayed to the operator on 
the CRT. The display provides the previous 1-minute value and the previous 
15-minute, 30-minute, and hourly averages, and the running average for each 
available channel. A typical instantaneous report is shown in Figure 12. 

The first data set are the values for the secondary effluent, sample source 
2, and the second data set are the values for the reclamation facility 
effluent, sample source 6. The sampling points are indicated on the flow 
schematic for the Santa Clara Valley Water District (SCVWD) facility. Figure 21. 
The instantaneous report presents a data scan that occurred at 06:00 hours. 

The results show consistent data for all but channels 1, 2, 8, 38, and 39 as 
indicated by the averages and status columns. Channel 8 for TOT OXY DEM is 
varying more than the specified limit and the Chemiluminescence sensor (Channels 
1, 2, 38, cind 39) show datawerenot being recorded (only the instantaneous 
voltage is displayed). 

Daily Data Reports 

The instantaneous and hourly peak values are monitored for each channel and 
for each sample source and reported as daily data. A typical daily data report 
for 24 hours is shown in Figure 13. The report includes the number of data 
points, the daily average, the instantaneous and hourly peak values, and the 
time of day each occurred for each source of water sampled throughout the day. 
The effluent sensors are the first data set printed, followed by each multipoint 
source. The total number of data points is always somewhat less than 1440 
because of calibration and sensor stabilization required after the nwltipoint 
source is changed. 
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Tire - 227te6i88iee 


Sftf^lNG POINT: SECONDARY EFFLUENT 


CHA 

SENSOR 

UNITS 

STATUS 

INST 

m m m 

AVER 

A 

G E S 

4 4 4 

NO. 




VALUE 

15 MIN 

30 MIN 


1 HR 

RUNNING 

1. 

TOTAL BIOMASS MIL C^TI 

NOTA 

-B.261 

0.000 

17.609 


17.609 

17.624 

2. 

VIABLE BIOMASSMIL C/M 

NDTA 

-B.261 

0.000 

0.000 


0.000 

13.369 

5. 

RES CHLORirC 

MG/L 


B.2 

8.3 

8.2 


8.2 

7.0 

6. 

7URBIDITY-SI02MG/L 


10.9 

11.0 

11.0 


11.1 

14.1 

8. 

TOT OXY DEM 

HG^L 

VARI 

257. 

230. 

228. 


227. 

255. 

9. 

TOT ORG CARB 

MG/L 


12.9 

12.0 

12.8 


12.9 

12.4 

IB. 

nrtllNIA 

MG/L 


19.1 

18.9 

18.9 


18.9 

18.0 

12. 

PH 

PH 


7.04 

7.05 

7.06 


7.08 

7.08 

13. 

CHLORIDE 

MG/L 


350. 

356. 

355. 


350. 

375. 

14. 

CONDUCTIVITY 

MrmMJi 

15B0.0 

1574.7 

1575.0 


1583.4 

1597.6 

16. 

HARDNESS 

MG-i. 


306. 

323. 

334. 


334. 

241. 

17. 

SODIU1 

MG/L 


192. 

187. 

174. 


170. 

171. 

19. 

DIS 0XY6EN>HU rC/L 


3.3 

3.3 

3.3 


3.3 

3.3 

TirE - 227106:80:08 

SAff^ING POINT: RECLAMATION 

FAC. A 

1 EFFLUENT 

CHA 

SENSOR 

UNITS 

STATUS 

INST 

41 » 4 

AVER 

A 

VI 

111 

L9 

4 4 4 

NO. 




VALUE 

15 MIN 

30 MIN 


1 HR 

runnim: 

3. 

AIR COTF 

PSIA 


14.7 

14.7 

14.7 


14.7 

14.7 

15. 

TETPERATURE*! 

DEG F 


70.4 

78.4 

79-4 


78.4 

78.7 

18. 

TURBIDITY-HU 

FlU 


2.80 

2.80 

2.81 


2.83 

2.38 

20. 

TErPERATURE*2 DEG F 


68.4 

68.4 

68.4 


68.4 

70.4 

23 . 

EFFLUENT 

PSIA 


23.7 

22.7 

22.1 


22.7 

23.3 

38 . 

TOTAL BIOMASS MIL C/M 

NDTA 

-9.261 

0.000 

0.000 


0.000 

8.000 

39 . 

VIABLE BIOMASSMIL C/M 

NDTA 

-B.261 

0.000 

0.000 


0.000 

0.000 


Figure 12 Typical Instantaneous Data Report 
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MILY REPORT FORt 6*RCCLM«TI0N PRC. R EFFLUENT 

9/ 3/78 24:00:00 

CHR SENSOR UNITS 

DRTR 

DRILY 

INSTRNTRNEOUS PERK 

HOURLY PERK 

NO. 

POINTS RVERRGE 

VRLUE 

Tire 

VRLUE 

TIME 

3. RIR COrP P8IR 

1440 

14.7 

14.7 

14:29 

14.7 

14: 0 

IS. lETFERRTURE*! 0E6 F 

1440 

B0.5 

86.4 

14:29 

85.9 

14: 0 

10. TUR8I0ITY-HU FTU 

OUT 






20. TETFERRTUREee OEC F 

1440 

67.4 

69.2 

11: 0 

66.7 

14: 0 

23. EFFLUENT PSIR 

1440 

23.1 

29.1 

10:59 

23.7 

11: 0 

30. TOTRL BlOnRSS MIL C/T1 

OUT 






39. VIRBLE BIOMRSSmL C/M 

OUT 






DRILY REPORT FOR« 3-SECOHDRRY EFFLUENT 


9/ 3/78 24:00:ra 

CHR SENSOR UNITS 

DRTR 

DRILY 

INSTRNTRNEOUS PERK 

HOURLY PERK 

NO. 

POINTS 

RVERRGE 

VRLUE 

TIME 

VRLUE 

Tire 

1. TOTRL BIOMRSS MIL C/t1 

6 

10.39 

16.93 

1:44 

16.93 

2: 0 

2. VIRBLE BIOMRSSMIL C/» 

6 

6.52 

10.39 

2:59 

10.39 

3: 0 

9. RES CHLORINE fKA. 

563 

10.5 

17.7 

10:15 

16.7 

11: 0 

6. TURBIDITY-SIB2MG/L 

728 

8.4 

11.6 

17: 3 

10.3 

2: 0 

B. TOT OXY DEM fUA. 

187 

62. 

104. 

5:28 

78. 

6: 0 

9. TOT ORG CRRB MC/L 

563 

11.8 

15.3 

1:33 

13.8 

6: 0 

10. RMMONIR MG/L 

515 

12.4 

22.5 

2:39 

20.5 

3: 0 

12. PH PH 

594 

7.62 

7.96 

5: 1 

7.77 

2: 0 

13. CHLORIDE MC/L 

604 

278. 

294. 

19: 0 

292. 

2: 0 

14. CONDUCTIVITY MrWiO/CM 

720 

1401.9 

1490.0 

17:18 

1459.2 

18: 0 

16. HRRDNE5S MG/L 

563 

180. 

663. 

10:45 

629. 

11: 0 

17. SODIUM MG/L 

720 

167. 

228. 

1:12 

176. 

18: 0 

19. DIS OXYGEN-HU MG/L 

720 

2.4 

2.5 

7: 0 

2.4 

7; 0 

29. TOT HRLOCRRBON PPB 

OUT 






DRILY REPORT FOR: 6-RECLRMRTION FRC. R EFFLUENT 

9/ 3/78 24:00:00 

CHR SENSOR UNITS 

DRTR 

DRILY 

INSTRNTRNEOUS PERK 

HOURLY PERK 

NO. 

POINTS RVERRGE 

VRLUE 

Tire 

VRLUE 

Tire 

1. TOTRL BIOMRSS MIL (Ml 

5 

1.76 

3.37 

15:44 

3.37 

16: 0 

2. VIRBLE BIOMRSSMIL (Ml 

6 

0.56 

1.73 

4:59 

1.73 

5: 0 

S. RES CHLORINE MG/L 

470 

3.3 

5.6 

12:27 

4.3 

12: 0 

6. TURBIDITY-SIB2MG/L 

660 

2.1 

4.1 

19: 4 

3.1 

16: 0 

8. TOT OXY DEM MG/L 

141 

28. 

54. 

0:48 

42. 

1: 0 

9. TOT ORG CRRB MG/L 

470 

6.2 

8.1 

19:27 

7.2 

8: 0 

10. RmiNIR MG/L 

445 

10.0 

12.5 

12:39 

12.1 

4: 0 

12. PH PH 

534 

7.93 

7.98 

0:57 

7.97 

9: 0 

13. CHLORIDE tHA. 

564 

268. 

275. 

0:54 

272. 

l: 0 

14. CONDUCTIVITY rmC/CM 

660 

1382.4 

1430.0 

19: 1 

1395.5 

13: 0 

16. HRRDHESS MG/L 

467 

169. 

2128. 

12: 0 

527. 

12: 0 

t7. SODIUM MG/1. 

660 

154. 

220. 

7: 1 

156. 

17: 0 

ms OXYGEN-HU MG/L 

660 

2.4 

2.5 

7: 3 

2.4 

8: 0 

29. TOT HRLOCRRBON PPB 

OUT 







Figure 13 Typical Daily Data Report 
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Historical Data Reports 


The historical reports provide the hourly averages for the current day or 
any day within a 3-month period. The historical data file is a rotating 
file that is designed to contain 93 days of actual data. Only the sample 
source data recorded for each day are stored on the disk file. Whenever 93 
days have been recorded, the next day is positioned at the beginning of the 
historical file, effectively rewinding the file for subsequent recording. 

A typical historical report is shown in Figure 14. The hourly averages 
for the hour ending and sample source are shown for a complete day. The sample 
source shown for each hour indicates the multipoint source sampled for the hour. 
A blank indicates no data was recorded for the hour. 

Conform Biosensor Data Reports 

Conform results require 3 to 14 hours for determination following cell 
inoculation. The results are available for individual cells after the minimum 
voltage and 200 millivolt time have been determined. A typical coliform 
report is shown in Figure 15. The first data set for 8-25-78 are actually 
for a current day in which no cells have completed reaction or have attained 
£ minimum volt level, and the second data set for 2-14-78 are for a previous 
day. The report includes the inoculation time, the time at which the minimum 
voltage was attained, the value of the minimum voltage, the reaction time, 
and the cell count. The coliform evaljation is not terminated until the maximum 
reaction time has elapsed since inoculation of the last cell. The results are 
reported as cells/100 ml. Figure 15 shows that total coliform were evaluated 
on 8-25-78 and the cell count varied from a minimum value of 190,000 for cell #1 
to a maximum value of 290,000 for cell #7. 

Volatile Halocarbon Concentration and Data Reports 


The gas chromatograph is a modified Hewlett-Packard Model 5710/5840 that 
is fully automated and operates under internal program control. The processing 
time requires 50 minutes for a complete analysis of nine volatile halogenated 
hydrocarbons. An Electron Capture Detector (ECO) is used for accurate quanti- 
tating at thepartsper billion (ppb) level. The gas chromatograph is normally 
scheduled to begin processing at the start of each hour. The GC results are 
printed on the calculator and transmitted to the EVE interface approximately 
50 minutes after the hour. Only the number and compound area are required 
by EVE l^ecause a modified calibration curve is used to determine the measured 
concentration based on the area. The EVE calibration curve is exponential 
with constants for the slope and intercept (Y ■ ^ “)• 

The halocarbon concentrations are summed and recorded as an hourly average 
of total halocarbon on channel 29. The calibration curves presently used have 
an accuracy of + 1C* at the parts per billion (ppb) level. The brominated 
compounds have a threshold limit of 3 ppb and the chlorinated compounds have 
a threshold limit of 1 ppb. 


HOURLY RVERRGCS FOR MULTIPOINT SENSORS 


OM SENSOR 

UNITS 

« « 

« « HCUR 

OF DRY/SAPPLE 

SOURCE • 

a ■ ■ 

NO. 


I/S 

2/3 

3/3 

4/6 

5/6 

6/3 

1. TOTRL 8I0MBSS MIL C/M 

2. VIR8LE aiOMRSSniL C/Tt 

8.57 

18.16 

18. 18 

0.58 

8.61 

12.61 

S. RES CHLORINE 

MG/L 

2.4 

6.3 

6.5 

2.5 


7.7 

f. lURBIDITY-SIUrC^. 

2.B 

12.2 

18.4 

2.0 

2.8 

8.6 

S. TOT OXY DCM 

rCA. 

59. 

78. 

W. 

58. 


182. 

9. TOT 0R6 CARS 

re/L 

8.4 

14.5 

14.6 

9.2 


14.1 

It. RiniNIA 

r«/L 

13.4 

21.6 

22.8 

15.1 


19.5 

12. PH 

PH 

7.24 

7.18 

7.18 

7.23 

7.26 

7.11 

IS. CMLORlSe 

MG/L 

292. 

387. 

386. 

279. 

279. 

286. 

14. CONOUCTIVITY 

frmvcM 

1SS5.3 

1487.7 

1473.2 

1543.3 

1568.2 

1517.5 

It. MMONESS 

rCA. 

243. 

141. 

138. 

239. 


168. 

17. SOBIL'M 

rc/L 

2BB. 

194. 

194. 

206. 



19. BIS OXVGEN-HU MB/L 

2.9 

2.9 

2.9 

2.9 

2.9 

2.9 

29. TOT HRLOCARKW PP8 

143. 


770. 


78. 


OM KNSOR 

UNITS 

« M 

« * HOUR 

OF DAV/SATPLE 

SOURCE 4 

a a a 

NO. 


7/3 

8/3 

9/6 

10/3 

11/3 

12/6 

1. TOTRL BI0MR8S MIL C/M 

2. ViRaLT BIOMRSSMIL OTt 

12.62 

8.12 

8.14 

13.48 

13.51 


S. RES Ct&ORlNE 

MG4. 

8.1 


3.9 

6.3 

6.4 

2.0 

C. TURBID1TY-S1B2MB/L 

7.6 


2.8 

9.7 

11.4 

2.9 

t. TOT OXY DEM 

MG/L 

99. 


56. 

111. 

139. 

126. 

9. TOT QRG CARS 

PS/1. 

13.9 


8.4 

12.3 

12.5 

7.6 

It. RffOtlA 

MG/L 

19.B 


14.1 


19.5 

16.3 

12. PH 

PH 

7.89 


7.21 

7.00 

6.93 

7.31 

IS. CHLORIBE 

tfiA. 

29S. 


261. 

205. 

293. 

296. 

14. COHBUCTIVITV 

m«0/CM 

1468.3 

1523.3 

1554.0 

1513.5 

1475.3 

1533.9 

It. HARONESS 

MC/L 

ITS. 


293. 

160. 

153. 

219. 

17. SOBIUM 

MG/L 






155. 

19. BIS OXVGEN-HU MG/L 

2.9 

2.9 

2.9 

2.9 

2.9 

2.9 

29. TOT HRLKRR80N PPB 

659. 


82. 


620. 


CHS SENSOR 

UNITS 

m m 

• * 1«UR OF BAY/SAMPLE 

SOURCE m 

« a a 

NO. . 


13/6 

14>/3 

15/3 

16/6 

17/6 

18/3 

1. TOTRL BIOMRSS MIL C/M 

2. VIABLE BIOnRSSMlL C/M 


12.48 

12.36 


8.82 

11.80 

S. RES CHLORINE 

MG/L 

1.7 

6.2 

6.2 

2.4 

2.5 

6.6 

t. TORBIDITY-SIBSMB/I. 

3.6 

13.5 

10.6 

2.2 

2.2 

18.6 

t. TOT OXY BEM 

rs/L 

116. 

153. 

165. 

113. 

138. 

182. 

9. TOT ORG CARS 

PS/L 

7.1 

11.6 

12.2 

7.9 

7.3 

12.7 

It. ArttMlR 

PB/L 

16.S 

19. 1 

19.7 

17.7 

16.0 

18.2 

12. PH 

PH 

7.33 

6.98 

6.86 

7.24 

7.23 

6.98 

IS. CHLORIBE 

MC/L 

387. 

386. 

310. 

295. 

299. 

Tie. 

14. CONBUCTIVITY 

MPr«0/CM 

1339.8 

1541.7 

1546.0 

1526.7 

1538.0 

1538.7 

It. HARONESS 

HG/L 

221. 

150. 

147. 

222. 

227. 

158. 

17. SOBIUM 

MC/L 

151. 

136. 

131. 

120. 

123. 

128. 

19. 018 0X>%N-HU MG/L 

2.8 

2.8 

2.8 

2.8 

2.9 

2.7 

29. TOT HALOCARBON PPB 



618. 


196. 



CHA 

SENSOR 

UNITS 

m m 

m * HOUR 

OF DAYxSAPPLE 

SOURCE • 

a a a 

HO. 



19/3 

28/6 

21/6 

22/3 

23/3 

24/6 

1. 

TOTAL BIOMASS MIL C/M 


8.93 


28.47 


1. 01 

2. 

VIABLE BIOMRSSMIL C/M 

8.97 




15. 13 


9. 

RES CHLORINE 

MG/L 

F.7 

2.6 

2.6 

6.5 

6.5 

2.6 

6. 

TURB1BITY-SIB2PC/L 

18. 1 

1.7 

1.8 

11.5 

18.8 

1.8 

8 . 

TOT OXY BEM 

MG/\. 

161. 

108. 

76. 

182. 

98. 

54. 

3. 

TOT ORG CARS 

MG/L 

13.3 

7.7 

7.2 

13.7 

14. 1 

7.8 

18. 

AMMONIA 

MG/L 

19.8 

13.6 

13.4 

18. r 

18.9 

13.7 

12. 

PH 

PH 

6.98 

7.26 

7.29 

7. 18 

7.09 

7.27 

IS. 

CHLORIBE 

MG/L 

307. 

297, 

297, 

298. 

299. 

295. 

14. 

CONBUCTIVITY 

rmiO/CM 

IS14.S 

1526.3 

1534.5 

1477.7 

1468.0 

1529.7 

16. 

HARDNESS 

MGA. 

152. 

225. 

235. 

156. 

143. 

231. 

17. 

SODIUM 

MG/L 

128. 

158. 

158. 

136. 

122. 

124. 

19. 

BIS OXYGEN-HU MG/L 

2.7 

2.7 

2.7 

2.7 

2.7 

2.7 

29. 

TOT HALOCARBON PPB 

782. 


89. 


999. 



Figuro 14 Typical Historical Data Report 
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Reports are normally available every hour for trace concentrations of the 
brominated and chlorinated halocarbon compounds for the multipoint sample 
source. A typical report is shown in Figure 16 and includes the calibration 
number, compound name, hour of day, and sample source for each halocarbon. 

Daily and Monthly Reports 

Plotting capability is provided by separate programs for daily and monthly 
results. The NOVA 3D resources are allocate for FVE report generation in 
the foreground and plotting in the background memory partitions. The hourly 
plot program will graph the hourly averages of any three channels for the same 
day. The monthly plot program will graph the daily averages of any one channel 
for any month. The plot data are recalled from the historical data file that 
is shared by the EVE report generation program. 

A typical hourly plot is shown in Figure 17. Three channels are plotted 
for the multipoint sample sources 1 and 3. The data points are annotated with 
the sample source number that is identified at the top of the graph. The 
scaling parameters are selected by the operator for each channel during the 
plotting process. 

A typical monthly plot is shown in Figure 18. The daily average, standard 
deviation, hourly peak, and hourly peak time are plotted for the month. The 
sample source is indicated by the square plot symbol and a highlighted sample 
source identification at the top of the graph. The daily averages are indi- 
cated by the square symbol for each day plotted. The hourly peak values are 
indicated at the top of the lower plot. 

Sample Source Trend Report 

Hourly average values of a parameter over a period of a month for a given 
point in the treatment process can be determined using the format illustrated 
in Figure 19. The average for each hour of the day that the process was 
sampled is reported for each day of the month. The data are also summarized 
in terms of the daily average. 

Statistical Report 

The performance of a single process or group of processes- in terms of 
percent removal can be reported as illustrated in Figure 20. Influent and 
effluent values are compared, including number of days sampled, monthly 
averages, daily and hourly variations Uo)» and the average and variation (la) 
in daily removal. Figure 20 shows these data for reclamation plant influent and 
effluent and thus reflects plant overall monthly performance. 
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SCVWD WATER RECLAMATION FACILITY DESCRIPTION 


General 


The SCVWD Palo Alto Reclamation Facility is a pilot facility designed to 
treat 0.09-mvs (2 mgd). Figure 21 shows the basic processes in the Reclamation 
Facility, which has as an influent the chlorinated, nitrified, filtered secondary 
effluent from the 1.53-m3/s (35 mgd) Regional Water Quality Control Plant located 
in Palo Alto. The reclamation plant includes the following: High-lime treat- 
ment, single-stage recarbonation, breakpoint chlorination for further nitrogen 
removal, mixed-media filtration, activated carbon sorption with carbon regenera- 
tion, ozonation, chlorination for disinfection, and storage. Innovative design 
of the plant allows flexibility in the sequence of the unit processes. For 
instance, the water can be filtered prior to or after activated carbon treatment, 
or both, depending on the need to protect the carbon beds or to eliminate carbon 
fines in the effluent. This flexibility was provided to pemit research and 
testing of various alternatives prior to building a larger plant. 

The facility has a direct digital computer control system that allows opera- 
tors to alter control parameters. Process configurations are easily changed by 
the engineering staff. The computer supplies operational data to personnel on 
shift, while operating the plant. 

The following are general descriptions of the processes. Table 4 describes 
capacity parameters for the processes. 

Control and Instrumentation 


A Modcomp 11/221 computer with 64K words of main memory, two moving head 
disk drives with 2.6M words of memory, one fixed head disk with 512K words of 
memory, one REMAC multiplexer unit, three CRT's, a card reade-^, and a printer 
are utilized for plant data acquisition and control. The software utilized is 
a modified version of a standard control package called FLICK. 

All instruments in the plant, as listed on Table 5, are standard com- 
mercially available devices. 

The need for exceptional process flexibility (i.e., arranging unit processes 
in any desired order) led to the selection of a DDC (digital data control) system 
with no conventional analog backup control. It was felt that such a hardwired 
backup, as found in many plants, would restrict process flexibility to an 
unacceptable extent. Also, because of the "pilot" nature of this plant, a 
backup computer system was not justifiable. Because of the lack of a backup 
system, outages due to the control system were much more frequent than would be 
exp^i^ienced in a conventional plant where usual backup and redundancy measures 
were utilized. 
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Figure 21 SCVWD Water Reclamation ( Injection/Extraction Well Facility 
at Palo Alto, California 




Chqwical Clarification 

Chealcal treatment Is effective In removing suspended solids, colloidal 
solids, and some dissolved constituents, such as heavy metals and phosphates. 
During the Initial periods of operation, removal of ammonia by air stripping 
was Implemented for the reclamation system. Therefore, since this process 
requires a high pH, lime was selected as the chemical of choice. A secondary 
benefit was achieved, since the high pH resulting from additional lime Is also 
considered to be quite effective In pathogen destruction. 

The process consists of separate rapid mix, flocculation, and sedimenta- 
tion basins. Lime Is added In a slurry form to the rapid mix basin. The feed 
rate Is automatically controlled to achieve the optimum pH of approximately 11. 
The dose to achieve this pH was 100 to 200 mg/1 as calcium oxide. The water 
flows from the bottom of the flash mix basin to a center column In the floccu- 
lator clarifier. The Influent enters the center column of the tank at Its 
bottom, rises up the center column, and comes out through t!:e side openings at 
the column near the top. The flocculation basin contains two flocculating 
mixers within a circular mixing compartment. These provide caaplete mixing so 
as to develop a substantial rapid settling floe. After mixing and blending, 
the Influent exits froii the bottom of the flocculating compartment and flows 
radially ou^rd In the clarification compartment. Heavier solids resulting 
from the process settle to the bottom of t^ tank. The tank's effluent passes 
over a weir Into a shallow trough around the periphery of ^e tank. 

TABLE 4 

SCVWD-WRF/PA UNIT PROCESS CHARACTERISTICS 
AT 0.09 n?/s (2 MGD) 


Flash Mix 


Lime Feed Caoaclty: 
Process Volume: 
Mixer Horsepower: 
Detention Time: 

FI occul ator/Cl arl f 1 r* 


Type: 

Circular 
D1 ameter : 

Depth: 

FI occul ator Detention Time: 
Clarifier Detention Time: 


2700 kg/ day (3 tons/ day) 
15.9 m^ (560 cu. ft.) 

5 hp 

3 minutes 


Center Feed, Peripheral Weir, 

16.8 meters (55 feet) 

3.4 meters (11 feet) 

0.5 hr. 

1.9 hr. 
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TABLE 4 


SCVWD-WRF/PA UNIT PROCESS CHARACTERISTICS 
(Continued) 

Aeration (Anwon^a Stripping) - Aeration pumps mre not operated during this 

test period. 


Tank Dimensions: 

No. of Aerators; 

Cond)1ned Horsepower: 
Circulation Fan Horsepower: 
Detention Time: 


Recarbonatlon 

Tank Dimensions: 

Mixer Horsepower; 

Stack Gas Feed Capacity: 
Detention Time; 

Ozonation 

Tank Dimensions: 

Ozonator Capacity: 
Detention Time: 

Filters* 

Number of Filter^.. 

Type: 

Surface Area (each): 
Media Depth: 

Hydraulic Loading: 

Granular Activated Carbon 

Number of Columns: 

Type: 

D1 ameter : 

Bed Depth: 

Total Carbon Volume: 
Carbon Type: 

Hydraulic Loading: 

Empty Bed Contact Time: 


16.8 m L X 9.1 m W x 4.3 m D (55 ft. 
L X 30 ft. W X 14 ft. D) 

2 

100 hp 
30 hp 

2.1 hr. 


6.4 m L X 2.1 m L x 2.1 m W x 4.2 m 
0 (21 ft. L X 7 ft. W X 13.75 ft. D) 

10 hp 
550 SCFM 

11 minutes 


6.4 m L X 2.1 m W x 4.1 m H (21 ft. 
L X 7 ft. W X 13.5 ft. H) 

42.6 kg/day (94 Ib/day) 

10.5 minutes 


4 

Mixed tedia 

20.5 m'^ (221 sq. ft.) 

0.9 m^(3 ft. I 

7.1 m /sec/m (3.1 gpm/sq. ft.) 


4 

Upflow 

3.0 m (10 ft.) 

6.1 m (20 ft.) 

177.8 m^ (6280 cu. ft.) 
CalgongFIltrasorb 300 (8 X 30 mesh) 

10.1 m /sec/m^ (4.4 gpm/sq. ft.) 

34 minutes 


♦Filters may be assigned to pre-GAC and post-GAC filtration In any combination. 
Hydraulic loading value given is for two filters on each service. 
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TABLE 5 



PLANT INSTRU^NTATION 


INSTRU^€NT TYPE 

NUrCER 

INSTRUMENT TYPE 

NUfOER 

Flow 

10 

Dissolved Oxygen ppm 

1 

Level 

19 

Sludge Density % 

1 

Pressure psi 

5 

Tachometer RPM 

1 

Temperature C° 

4 

Analog Output Test % Max 

1 

Turbidity FTU & NTQ 

6 

Valve Monitor % Open 

18 

pH 

3 

Valve Monitor % Closed 

2 

Conductivity MHO 

1 

Pimp Monitor % Max 

5 

Residual Chlorine ppm 

1 



The results of lime clarification 
be effective in reducing turbidity. 

at Palo Alto have shown this 
organics, suspended solids 

process to 
and heavy 


metal s . 
Recarbonatioh 


Follovfing settling, the effluent flows through an open tank, formerly used 
for air stripping, into the recarbonati on basin for adjustmeirt of the pH. 
Stack gas from the existing sludge incineration furnaces of the Palo Alto 
Regional Water Quality Control Plant is transferred to the recarbonati on basin. 
The stack gas, providing the carbon dioxide source, and the liquid are 
thoroughly mixed by a flash mixer before leaving the chamber. A sediment trap 
is provided for removal of contaminants from the stack gas before it enters 
into the blower. The pH in the recarbonati on chamber is automatically con- 
trolled by the in-plant computer and determines the amount of stack gas needed 
and automatically adjusts the opening at the motorized gas inlet valve to 
provide the proper recarbonati on pH. During the test period, this pH was 
selected to be 7.0. 

Mixed-Media Filtration 


The recarbonated effluent is then pumped to two open gravity mulla'media 
filter- basins designed for a hydraulic loading rate of 7.1 m'^/sec/m'^ (3.1 
gpm/ft^). The purpose of the mixed-media filtration is additional removal of 
suspended sclids and floe carried over from preceding steps. Filtration is 
performed prior to granular activated carbon sorption since the possibility of 
fouling by suspended solids and colloidal matter exists. The filter media are 
910 cm (36 inches) deep and consist of coarse coal, sand, and garnet supported 
by a layer of sand and garnet gravel. 

Ozonation 

Following mixed-media filtration, the flow is directed to an ozonation 
chamber. Ozonation was provided to evaluate its effectiveness for enhanced 
disinfection and trace organics removal. The ozonation system consists of an 
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ozonator, diffusers, and baffles. Ozone is an unstable form of oxygen, which is 
produced in nature when oxygen in the atmosphere is exposed to an electrical 
discharge, such as lightning. It is also produced artificially, as in an ozonator, 
by passing clean, dry air through electrodes when high-voltage electrical dis- 
charges occur. The ozonator is capable of generating 42.6 kilograms (94 pounds) 
of ozone at 1% minimum concentration in 24 hours. 

Granular Activated Carbon Sorption 

From the ozone chamber, the water is pumped to the carbon towers and flows 
upward through the diffusers at the unJerdrain plate of the carbon column. 

Effluent discharges through the collection lauders located near the top of the 
towers. Each tower is 3.0 meters (10 feet) in diameter, 9.1 meters (30 feet) 
in overall height, and contains a 6.1 meter (20 foot) -high column of granular 
activated carbon. All four carbon towers are identical. The contactors operate 
in parallel, each having an empty bed contact time of 34 minutes. The hydraulic 
loading rate for each column is 10.1 m^/sec/m^ (4.4 gpm/sq ft). Following 6AC 
sorption, the flow is diverted through the other two mixed-media filters. The 
purpose here is to remove any carbon fines that may have washed over the tower 
weirs. Finally, chlorine is added to provide a residual of about 1 mg/1 and then 
the flow is directed to a storage tank for future use. 

PLANT/I'ROCESS PERFORMANCE EVALUATION 

WMS data on the operating characteristics of the plant were collected 
beginning in 1978 through February 1981. During that 3-year timeframe the 
plant has operated in various configurations which are summarized in Table 6. 
the table shows that changes have occurred to plant influent processing as well 
as to in-plant configurations. 

Figure 21 illustrates the process stream from raw wastewater to well in- 
jection. Table 7 describes the eclamation plant design criteria and a physical 
description of equipment. Table 8 presents the reclamation plant effluent 
discharge limits. 

Nominal Input/Output Characteristics 

It was found that five parameters best represented the effectiveness of 
process contaminant removal under various operating conditions and plant con- 
figurations. Thebe parameters are TOC, total halocarbons, turbidity, and total 
and ''iable biomass. Figure 22 summarizes percent removal performance based on 
dai'i^ averages of plant input/output measurements. Figure 23 illustrates the 
same data in terms of concentrations. It may be generally concluded from these 
data that (1) flocculation significantly improves effluent quality and (2) 
with the exception of biomass, effluent quality depends on a variable influent 
quality, thus constant effluent quality mav not be expected. 

The above data represent a summation .f unit process performance illustrated 
in Figures 24 through 28. These figures represent the actual measurements 
(Appendix A) reduced to a mathematical expression relating process output to 
input over the observed range of inputs. For example, TOC removal in the re- 
clamation plant for an influent value of 15 mg/lit can be computed from the 
data presented in Figure 24, as follows: 
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Table 6 Process Configurations for Tes 
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Water Quality Permit Requirements 




INPUT, MG/LIT INPUT, MC/ML 



Figur* 22 Reclamation Plant Nominal Steady-State % Removal 
Characteristics (1o Input Range Indicated) 
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TURBIDITY 


TOTAL BIOMASS 


VIABLE BIOMASS 


n.ANT CONFIGURATION SYMBOLS 


FILTRATION/CARBON 
A AOSORPTION/FILTRATION 
-0.5 M6D FLOW 

^ FLOCCULATION/FILTRATION/ 

O CARBON ADSORPTION/FILTRATION 
-1.0 MGD FLOW. 

O pH 9.5 
• pH 11 

$ pH 9.5 WITHOUT AERATION 


Figure 23 Reclamation Plant Nominal Steady-State Input/Output 
Characteristics (1 o Input Range Indicated] 












1 - ACTIVATED SLUDGE/CHLOWNATION (15-50 MGD) 0-0.221 
2- FLOCCULATION / AERAHON / RECARBONATION 

A - pH 11 

O- 1-5.5 

B - pH 9.5 

O- 1-3.0 

C - pH 9.5 W/0 AERATION 

0 

M 

1 

• 

Ol 

3 - FILTRATIOIVOZONATION 

O -0.851 

4 - CARBON ADSORPTI ON * 

0-1-6 

5 - RLTRATION/CHLORINATION 

0-0.851 


• DEPENDENT ON OPERATING HISTORY 


^^28 




TOC IN 
MG/UT 


Figure 24 Unit Process Steady-State Input (I) /Output (O) Characteristics 

at 1 mgd 






♦ DEPENDENT ON OPERATING HISTORY 



TOTAL HALOCARBONS IN 
uG/LIT 


Figure 25 Unit Process Steady-State I nput(l) /Output (O ) Characteristics 

at 1 mgd ' 




1 - ACTIVATED SLUDG^CH LORI NATION (15-50 MGD) 

2 - FLOCCULATION/AERATION/RECARBONATION 

0-0.31 

A -pH 11 

0-0.51 

B - pH 9.5 

0-0.5 1 

C - pH 9.5 W/O AERATION 

0-0.61 

3 - FILTRATION/OZONATION/ CARBON ADSORPTION 

0 » 0.25 1 

4 - CARBON ADSORPTION W/O FILT/O 3 

0-0.451 

5 - FILTRATION/CHLORINATION 

0 . I.-I/15 


TURBIDITY 


mgait 
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2 - FLOCCULATION/AERATIONAECARBONATION 


A -pH 11 

0-1.0 

B - pH 9.5 

0 - 0.2 1 

C - pH 9.5 W/O AERATION 

0 - 0.2 1 

3 - FILTRATION/OZONATION 

0-0.21 

4 - CARBON ADSORPTION 

0-1 +0.3 

5 - FILTRATION/CHLORINATION 

O - le 


BIOMASS 


BIOMASS 

IN 

MC/ML 


Figur« 27 Unit Procsss Steady-Stats Input(l) /Output (O) Characteristics 
at 1 mgd 








2 - FLOCCULATION/AERATION/RECARBONATION 
A - pH 11 

0-0.2 

B- pH 9.5 

0-0.2 

C-pH 9.5W/0 AERATION 

0-0.121 

3 - FILTRATION/OZONATION 

0-0.05 

4 - CARBON ADSORPTION 

0-1 + 0.1 

5 - RLTRATION/ CHLORINATION 

0-1 


VIABLE BIOMASS IN 
MC/ML 


Figure 28 Unit Process Steady -State Input (I ) /Output (O) Characteristics 
at 1 mgd 




For process stream; Floe (pH lU/aeration/fllt/Oj/GAC/filt/Clg 


TOC OUT » {QtOC In - 5.5) 0.85] -6} 0.85 
- (D15 - 5.5) 0.85] -6} 0.85 
» 1-8 mg/lit 


% REMOVAL - (TOC IN - TOC OUT) lOO/TOC IN 
» (15 - 1.8) 100/15 
- 38* 


For process stream; Fnt/02/GAC/F11t/Cl2 

TOC OUT » [0.85 (TOC IN) - d 0.85 

« [0.85 (15) - ^ 0.85 
“ 5.7 mg/lit 


% REMOVAL » (TOC IN - TOC OUT) lOO/TOC IN 
= (15 - 5.7) 100/15 

= 62 % 


The unit process performance data presented in Figures 24 through 28 were 
determined during testing from April through July 1979. In mid-August 1979, 
the flocculation process pH sensor in the system for controlling lime dosage 
was found to be caked with sludge and had a calibration error which resulted 
in low values. In order to estimate the impact this may have had on previous 
data, a dosage test was performed and compared with plant operating records 
of lime consumption. Analysis of these data. Table 9, indicates that the pH 
was low throughout the test period and that the pH 9.5 and pH 11 performance 
data presented in this report probably are representative of performance within 
a pH range of 9-9.5 and 10-11, respectively. The sludge covering the pH probe 
may also have reduced sensor response time thereby contributing to the data 
scatter observed in Appendix A. 

In addition to the removal characteristics provided by the five key parameters, 
ammonia, nitrate/nitrite, dissolved oxygen and biomass provided information 
concerning biological activity in the process stream, while dissolved oxygen, 
pH and total residual chlorine reflected operational status of the plant. The 
charts in Appendix B summarize representative UMS data and comparable lab data 
take*"^ uuring this test program. 

The reclamation processes which produced the most significant changes in 
the measured parameters may be described as follows: 

TOC Equal removal by flocculation and GAC; controllable 

by pH and activated carbon operating history/environment. 
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ven pK (Reference 18) 


Total 

Halocarbons 

Turbidity 

Biomass 

Dissolved 

Oxygen 


Conductivity 

Chloride, 

Sol i urn 
Hardness 

Ammonia 


Removal by aeration (or purging including the effects 
of aeration and recarbonation with CO 2 ). 

Removal by flocculation. 

Removal by flocculation; growth in GAC. 

Quantity added by aeration is removed by biological 
growth in GAC and filters; frequent filter backwash 
is necessary to maintain a residual ir* the effluent. 

No change. 


Equal removal by aeration (below design requirement) 
and GAC (by biological conversion). 


Nitrate/Nitrite Increases due to biological growth in GAC. 

Total Residual Removal in GAC 
Chlorine 


pH 


Neutralization by recarbonation. 


As shown above, flocculation is a key process in attaining high effluent 
nuu ity; however, to date, tests to determine optimum operating parameters 
this process have nut been performed. Testing has been planned and 
preparations are in progress. The data presented herein represent a fixed 
set of operating parameters, e.g., a sludge recirculation rate of 600 GPM 
and a wasting rate of 50 GPM, over an uncertain pH range (as discussed above). 

Influent Variations 


A consistent source of variation in plant effluent quality results from the 
diurnal -flow of raw wastewater into the primary and secondary processes. Organic 
and suspended solids removal in the activated sludge process is directly related 
•CO detention time (input flow) which normally varies by a factor of two each day. 
Secondary effluer* quality has comparable variations. The pattern cf the diurnal 
flow cycle results in hichest effluent quality at midday ^nd lowest quality at 
midnight. The consistenc/ this pattern is apparent in Figure 29, which shows 
the time of day of pea. • ues and Figure 30 which shows the daily profile. 

To confirm the relationship between flow and effluent quality, a math model 
(Appendix C) was developed to determine suspended solids (bioniass) and organics 
(non-volatile TOC) in the secondary effluent as a function of influent concentra- 
f’’on, plant operating parameters and hourly flow variations. The results 
illustrated in Figures 3! and 32, shew that measured biomass values can be 
duplicated by a model representing variable performance in the secondary process 
clarifiers. The results show that effluent quality is high at a time where, based 
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Figure 30 Hourly Plot Indicating Diurnal Cycle (1 of 3) 


Npso/uns - SCVUO Pflto «LT0 tWIER RECLWWTION FACILITY MASA/Hn* - 8CVUO PALO ALTO HATER RECLAHATION FACILITY 

1 PtIHMr IFFLUfNf i| CLMIFIIB iFFLVtHT | MUMMV iPPLUCMf % MJMIFIU fPFLUiMT 

I RfCLMMf ION FRC. • IFFI.WfHT • WMOMIII •TBIFFU FIMF | BKCLMMITION FRC. ■ iFFLMMT ■ MmONtR •TtlFFM FUNF 

> ucmwnRr ifflwht • mclmmtion fm. n ifflusmt • mcmwmv ifflusiit ■ u cl mm mom fuc. b fFFLucar 

1. TOTAL BIOMASS I2/IS/7S gg. TOT HALOCARBOH 12/16/78 



N ~ ~ . 

U/0 TtH 




H/0 IIW 


®r'9'-au)(M®(0(n9 

® <M fu fVi 


Figure 30 Hourly Plot Indicating Diurnal Cycle (2 of 3) 
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Figure 30 Hourly Plot Indicating Diurnal Cycle (3 of 3) 
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FIGURE 31 


MATH MODEL SIMULATION OF PROCESS SOLIDS 
IN ACTIVATED SLUDGE PROCESS EFFLUENT 
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only on detention times, lower quality might be expected. It is interesting 
to note that the non- ideal performance (mixed flow in the clarifiers) results 
in a better overall quality effluent than might otherwise be predicted. This 
is attributable to the daily "morning break" where flow falls below 25 MGD 
and ideal (plug flow) settling occurs. It is expected that wet weather or a 
large increase in plant flow due to local growth, where high flows were 
sustained, would produce a significant decrease in secondary effluent quality. 

The potential exists for utilizing the biosensor to improve secondary 
effluent quality. If the return sludge rate and wasted sludge rate (Appendix C) 
were controlled for optimum biological solids in the aerator, the conditions 
which result in the excusions in effluent quality might be reduced. However, 
no testing has yet been performed to prove this concept due to other priorities. 

The observed diurnal cycle might have some influence on plant operational 
procedures. For example, the normal procedure for determining conformance of 
the secondary effluent to discharge permit requirements (240 coliform per 100 ml, 

7 day average) is by grab sample collected at noon each day; however, based 
on the diurnal cycle, a higher biological population in the effluent would be 
expected around midnight. A small group of samples were collected and analyzed 
which showed that prior to disinfection the biological population was indeed 
higher at midnight (Table 10) as measured by coliform, biomass and turbidity, 
but the plant disinfection strategy (constant concentration of chlorine dosage) 
appeared adequate for the higher number of coliform. A control strategy that 
recognized not only dosage and contact time, but also quantity of biological 
material, while maybe desirable, was not justified in this short testing period, 
where coliform was the only standard of performance. 

The changes in secondary effluent quality due to the diurnal cycle could have 
an influence on reclamation plant operations as will be discussed later in this 
section. 

Major variations in total halocarbons follow a weekly cycle. Figure 33 
shows that these variations result in high concentrations midweek and low 
concentrations on the weekend. Some of these compounds are commonly used solvents 
and the weekly cycle presumably reflects work patterns of local industry. 

Typical concentrations of the nine individual compounds comprising the total 
halocarbons are shown in Figure 34, which also shows process removals. Significant 
removals occur in the purging processes, e.g., aeration (activated sludge) aeration 
(ammonia stripping) and recarbonation, and across the GAC. 

Carbon Adsorption 

Organics removal decreased with operating time as the adsorbent surface of 
the granular activated carbon (GAC) became saturated. For example. Figure 35 
shows that chloroform removal suddenly decreased after processing about 20 mgal. 

After processing 35 mgal, the GAC was saturated at the average influent concentration 
of 39 ug/lit and the effluent was characterized by a great deal of data scatter 
as the GAC alternately adsorbed and desorbed in concert with the influent 
concentration. Tne performance of two other carbon towers, at plant configurations 
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Figure 33 Total Halocarbons ii 

(Secondary Effluent 




Figure 3H Weekly Cycle of Halocarbon Concentrations 

(Influent Concentration Varies From a Maximum 
at Mid-week to a Minimum at Weekend) 






X INFUIENT 30 - ZSugA 
• INFUJENT 20 - 30ug/l 
O INFLUENT 10 - 20 wgA 


EFFLUENT 

CONaNTRATION 

woA 



DAYS OF OPERATION 
(CARBON TOWER *2 ® 0.5 MOD) 


Figurs 35 Useful Life Activited Carbon Coluntn (1 of 4) 
for Chloroform Removal at 39 g/Lit 
Average Influent Concentration 

(20 Mgal at Breakthrough and 
35 Mgal at Saturation) 
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which resulted In different influent concentrations, were similarly monitored. 
Figure 36 presents an analysis of these data showing GAC adsorption capacity 
for chloroform over a range of influent concentrations. Average carbon 
regeneration rates necessary to maintain active chloroform removal can be 
computed based on this capacity curve using the following equation: 


R « 33,500 Q 


C 


C 


i ' 

T777 

i 


Where R » Activated carbon average regeneration rate, Ib/day 
Q » Flow, mgd 

® Average influent chloroform concentration, ug/lit 

Thus, for the 3 plant configurations tested, the following regeneration rates 
would have been required at plant rated flow to prevent GAC saturation. 


A 

0 


Plant Configuration 
FILT/GAC/FILT 
FLOC/FILT/GAC/FIIT 
FLOC/AER/FILT/GAC/FILT 


Ji R g 2 ntad 

39 wg/lit 3274 Ib/day 

28 3862 

15 4441 



Or, if a limit we»*e placed on the average effluent concentration, say 30 
wg/lit, regeneration would be required only for the fi**st configuration listed 
above. 

These regeneration rates are much higher than the plant contractor's est te 
of 1000 Ib/day to maintain COD removal capability, and would represent a signli icant 
operating expense if used as criteria for carbon regeneration. However, 
tribal omethanes are not currently restricted by the plant's discharge permit. 

These data may be of interest in the future since the EPA is contanplating limits 
on tribal omethanes for drinking water supplies (Reference 2). It should be noted 
that chloroform was the first of the nine trace organics measured to saturate the GAC, 
thus a different effective carbon life will result if other measures arf. used as 
indicators. 


TOC removal, for example, stabilized for a period, after 2-3 months of 
operation - Figure 37. Apparently, biological activity in the GAC had reached 
equilibrium where the quantity of non-volatile organics adsorbed equalled the 
quantity consumed by the bacterial population. Bacterial growth is apparent 
from the measured biomass elution from the column, the decrease in dissolved oxygen 
and the nitrification across the column (Appendix B, April-July 1979). The rate 
of the biological growth was undoubtedly affected when, after 55 days of operation, 
ozonation, which preceded GAC m the process stream, was turned off. Also, growth 
may have been inhibited for tn* first month of operation due to a low dissolved 


77 


0,40 


X 

M 


4.67 X 


10 



Note: Plant 
Configuration symbols 
are Identified in 
Appendix A 


AVERAGE INFLUENT CONCENTRATION 
ug/1 


Figure 36 Chloroform Adsorption Capacity of Granular 
Activited Carbon (CAC) 
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oxygen, due to inoperative aerators. Subsequent performance stabilization may 
have reflected the healthier growth environment, e.g., plenty of oxygen and no 
ozone. This biological cleaning may offer a less expensive alternative to the 
heating method of carbon regeneration. This is discussed further in Section 8. 

Decay in performance began again after 5 months of operation. The cause 
is not known, but the decay was accompanied by a decrease in the earlier observed 
rate of biomass elution, suggesting reduced biological activity. 

The rate of performance decay, Figure 37, during the first 2 months of 
operation, 1 mg/lit per month, indicates that an average carbon regeneration rate 
of 700-800 Ib/day at 2 MGD would be required to maintain peak performance. This 
corresponds to the plant contractor's estimate of 600-1000 Ib/day. 

POTENTIAL WMS APPLICATIONS FOR PROCESS CONTROL 

Several opportunities are available in the reclamation plant to utilize 
automated water quality data for process control. These are listed in Table 11. 

In addition, the number of available processes in the plant and the flexibility 
in selecting on-stream processes presents another control option, e.g., process 
stream configuration control. For example, listed in Table 12 is the maximum influent 
concentration to various process streams where discharge permit limits for COD 
(10 mg/lit) would not be exceeded. Also shown are the cost of consumables associated 
with the processes. This illustrates that the process stream could be selected 
based on the most economical way of treating specific influent conditions. If this 
example concept had been used during July 1979, flocculation and aeration would have 
been unnecessary for most of the month (Icr TOC range was 9.2 to 14.6 mg/lit) and a 
significant portion of the potential savings of $4,600 could have been realized. 

Of course this example was simplified to demonstrate the concept and the impact 
on removals of other contaminants must also be considered. 

Alternately, plant flow could be controlled to maintain the highest quality 
effluent. During periods of low demand, the configuration and flow could be 
adjusted for peak peY'formance and the water delivered or stored for later mixing 
with the effluent during high demand periods. 

This concept of storage and selective dispensement of high quality water may 
be a necessary alternative if discharge permit limits are not to be exceeded. As 
illustrated in Figure 23, for example, the TOC limit of 4 mg/lit (COD of 10 mg/lit) 
can be exceeded for expected influent conditions. 

Biologically regenerated GAC offers another potential opportunity for signif- 
icant savings by process control. If the GAC can be operated at conditions faborable 
to biological growth, it may be possible to reduce or eliminate the expense of 
carbon regeneration with minimum impact on effluent quality. For example, if the 
four GAC columns could be scheduled such that flow to one of the columns were terminated 
during periods of low influent organics, the bacteria in this column would have the 
opportunity to "clean house" under favorably quiescent conditions. Improved 
performance would be expected when this column was again placed on-line during 
periods of high influent organic concentrations. 
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T«bl« 12 Configurations /Cost t of Controlling Effluent COD 
SlO Mg/Lit at 1 mgd 



Opportunities to utilize these off-periods are available dally, due to 
the diurnal cycle, on weekends, and during certain seasons. However, wet 
weather, seasonal variations and random upsets In the secondary process suggest 
that the off-periods should be dictated by the Influent quality considerations 
rather than by time period scheduling In order to assure product water quality. 

During the column off-periods excess flow might be routed to the other 
three columns, resulting In some performance penalty, but proper selection of 
Influent critlera would prevent exceeding effluent discharge limits. 

A disadvantage may be the reduced capability for removal of trace hydro- 
carbons, e.g., chloroform. Testing may be necessary to demonstrate the total 
Impact of biological regeneration, but the potential savings, $300/day 2 mgd, 

warrants due consideration. 


83 


SECTION 3 


PART II FIELD DEMONSTRATION TEST RESULTS 


This portion of the Technical Summary covers the test data recorded during 
the test period July 1980 through February 1981. This portion of the test period 
was jointly funded by NASA, the EPA, the California State Department of Water 
Resources, and the Santa Clara Valley Water District. Data were recorded on WMS 
and subsystem downtime and on maintenance and operations cost. Similar data 
were recorded by the Santa Clara Valley Water District for the reclamation plant. 
Additional test data were recorded on the quality of the water at various points 
within the reclamation plant as measured by the sensors within the WMS and the 
City of Palo Alto Laboratory. These data were used to evaluate the performance, 
reliability, availability, and costs of the reclamation plant, its individual 
processes, and the WMS and its components. Major problems encountered in the 
operation of the WMS and the reclamation plant are discussed. 

TEST OBJECTIVES 

The objectives of the test program described in this report were as follows: 

1. To determine the steady-state performance (ability to remove contami- 
nants) of the water reclamation facility unit processes based on WMS 
data. 

2. To determine unit process and plant availability. Availability is 
defined as the portion of the time that an item operates on demand. 
Availability was measured as follows: 

A = 100T/(T + D) 

where, A * availability, % 

T » operating time, hours 
D » Downtime for repair, hours 
T + D * total available operating time, hours 

Once established, availability can be used to estimate annual repair 
time; thus, for a continuously operated item: 

D » (1-A/lOO) (365 days/year) (24 hours/day) 

3. To determine plant reliability. Reliability is defined as the per- 
centage of the operating time that an item performs within specified 
limits. For the water reclamation plant, reliability was measured as 
the percentage of time that a water quality parameter was within 
specified effluent limits. The WMS data were statistically evaluated 
based on a lognormal data distribution model and compared to an MCL 
(maximum concentration limit). The MCL's are based on references 

9, 10, 11, 12, and 13. The percentage of time that a measured 
parameter was less than the MCL represented plant reliability for 
that parameter. 
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The product of multiplying availability times reliability gives the 
portion of the total available operating time that an Item will per- 
form within given limits. 

P - (AMR) 

where, P ■ performance achieved 
R » reliability, % 

4. To determine plant operating and maintenance costs. 

5. To determine similar parameters for the VWS; I.e., performance, avail- 
ability, reliability, and operating and maintenance costs. 

CONCLUSIONS 

1. The following conclusions relative to p?*ocess performance are based on the 
VMS data: 

a. Chemical clarification removed over 90% of the Influent suspended 
solids (biomass) and as much as 30% of the organic contaminants (TOC). 

b. Flocculation (floe) carryover from the chemical clarification process 
results In additional loading on the mixed-media filters. This caused 
decreased filter run times; I.e., more frequent backwashing. 

c. Except for some reduction In trace halocarbons and biomass, the con- 
tribution of ozone to water quality does not appear to be significant 
at the concentrations used In the study. 

d. The removal of ammonia during treatment was not significant. Some 
biological oxidation to nitrate occurred In the GAC towers. 

e. A reduced level of many dissolved contaminants Is characteristic of 
water processed by activated carbon, when Its useful life Is not 
exceeded. However, the COD effluent limit of 10 mg/1 Is difficult to 
achieve without significant cost Incurred by continuously regenerating 
carbon. 

f. Just prior to and during the first few weeks of this test period, 
processing of the Influent to the reclamation plant was changed from 
an activated sludge reactor to a fixed-film reactor with nitrification 
and dual-media nitration. These changes generally reduced the con- 
taminant levels to the reclamation plant. Data from a 1-month period, 
which are representative of conditions before these changes, have also 
been Included In this report. 

2. The capability to collect and process data for convenient and Improved 
analysis of water quality Information has been demonstrated. Over three 
million *ater quality measurements were recorded during the test period 
and are summarized In this report. 
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Both the reclamation plant and the VMS were designed and constructed as 
experimental test beds where reliability was of secondary Importance to 
flexibility. Neither system was Intended to function as an operational 
system. Rather, they were Intended for testing various concepts and 
configurations for water treatment, automated quality monitoring and 
process control. Consequently, the numbers quoted in this report for 
avail ability and reliability are not meaningful of the performance that 
should be expected from operational systems. Ratt.er, the data reported 
here provide a focus on problem areas which strongly Influence reliabil- 
ity. This experience should guide the future design of reliable opera- 
tional system L. 

Automated monitoring provides a mechanism for better effluent quality 
control. VIhere real-time monitoring Is not available, plant- or Influent- 
Initiated upsets may go undetect^ until laboratory test results are 
received by the operators, which may be several hours or days later. Such 
a method of operation places a severe restriction on quality control, 
especially where direct water reuse Is Involved, and would be unaccept- 
able, for example. In manned spaceflight. Automated, real-time monitoring 
provides the capability to Immediately Identity abnormal conditions when 
they occur. In time to do something about them. 

Automated water quality monitoring will be an economic necessity In the 
future as effluent quality control restrictions are tightened. The costs 
of repetitive laboratory analyses will become prohibitive, thereby In- 
creasing the demand for automated sensing, analysis, and reporting. 

Automated water monitoring offers the potential for reduced water pro- 
duction costs through process and plant configuration control. 

There Is a need for Improved reliability of many of the available com- 
ponents used for automat^ water quality monitoring. 

The sophistication and advanced technology of some water quality sensors 
often require highly skilled personnel to Isolate and resolve problems. 
These skills are generally unavailable In many wastewater plants. 

Interference problems v#i1ch had previously plagued the NASA-developed 
conform sensor have been resolved. However, the complex plumbing 
arrangement necessary to operate a totally automated multicell seiisor Is 
prone to random contamination which, when experienced, has been difficult 
to eliminate. During the current test period, approximately 1 month of 
operating time was lost because of contamination. A configuration with 
less complexity should reduce this problem. Since the potential for 
reducing the conform detection time from 72 hours by the laboratory MPN 
test to 11 hours by tl'se electrode test Is quite significant, the system Is 
worthy of further development. 

Problems have occurred because of different suppliers for VMS computer 
equipment. In the case of the reclamation plant these probleins were 

avoided by virtue of having single contractor responsibility. 

The experience of both the reclamation plant and the VMS has been that a 
computer service contract Is key to maximizing system availability. 
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12. The high labor cost (three- fourths of water production cost) Indicates 
that more attention should be given to malntalnablll^ In the design of 
water treatment and Instrumentation systems. 

13. Early Implementation of a preventive maintenance program for the plant 
machinery and Instrumentation systems can significantly reduce downtime. 

14. Process and Instrumentation checkout and verification are essential prior 
to turning the plant over to the operators. 

15. The value of plant process Instrumentation Is significantly reduced If 
operators are not trained to properly Interpret the data. 

RECOMMENDATIONS 

1. Much of the data collected by the WS over the 3 1/2 years of operation at 
SCVWO-WRF/PA, prior to that reported here, have received only cursory 
review. During that period the plant was operated In several configura- 
tions with Influent conditions ranging from high quality secondary ef- 
fluent, which Is presented In this report, to low quality Influent, In- 
cluding settled primary effluent. The capablH^ now exists and these 
data should be analyzed, similar to the analysis presented In this report, 
to show a full range of performance of plant processes. 

2. Data exist for periods with and without an operating ozonator. These data 
should be analyzed to clearly show the net effect of ozonation In a real- 
world environment and to evaluate cost effectiveness. 

3. A test program should be performed to Identify key control parameters for 
effective chemical clarification by lime treatment. The experience at 
SCVWD-WRF/PA has been that the cost of the process In terms of labor and 
downtime may offset the benefits In water quality Improvement. 

4. When using lime for chemical clarification. It Is recommended that a fil- 
tration step be Included prior to GAC sorption. This will reduce the 
possibility of clogging the GAC with coagulant and/or calcium carbonate 
precipitant. 

5. The potential for reducing activated carbon regeneration costs by opera- 
ting the towers In a "biologic activated carbon" mode (no regeneration) 
should be explored. 

6. Many operational difficulties after plant startup could be avoided by 
design verification testing, more Intense and continuous operator train- 
ing, and established requirements for a preventive maintenance program 
before acceptance from the contractor. 

7. The requirements for the Installation of computer systems In wastewater 
plants must consider the environmental requirements of the equipment. 
Computers must operate In dust and vibration free conditions. 

8. Maintain a dally log to be used for recording plant and process downtime, 
the cause of the downtime, and the number of man-hours required to correct 
the problem. 
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9. Maintain a comprehensive record of materials and consumables, including 
the process in which they are used. 

10. The WMS as configured is not ideal. The mobility design criteria dictated 
its design. The following factors should be considered in designing an 
in-place integrated plant v«ter quality monitoring system: 

a. Locate electronic equipment in an area away from potential contact 
with process or other chemical exposure. 

b. Use state-of-the-art computer technology to simplify the data acquisi- 
tion system. New Improved equipment Is available almost dally. 

c. Use a single contractor for all computer equipment. 

d. Tne system should be designed for automatic fault detection. If not, 
the time required to diagnose electronics failures typically will far 
exceed the time required to correct the problem. 

e. All sensors should be evaluated with regard to serviceability and cost 
of consumables prior to purchasing. 

f. Design the sampling system to ensure continuous, adequate sample flow 
to all sensors. 

g. Take Into consideration extensive requirements for drains, vents, air 
conditioning, and electrical power. 

h. Take into consideration storage requirements for consumables and 
spares. 

1. Include some laboratory area to do periodic wet chemistry verification 
work. 

11. The NASA-developed biosensor has demonstrated the capability to quantify 
biological activity at the low concentration levels present in reclamation 
processes. However, its potential in monitoring and controlling biologi- 
cal treatment processes, such as activated sludge, has not been explored. 
A vital need for such a capability has been previously identified 
(reference 14). 

12. The NASA-developed conform sensor should be reconfigured to eliminate 
complex plunriOing thereby improvimi reliability. The sample size should be 
increased to provide a minimum sensitivity of one organism per 100 ml. 
The potential benefits of single analysis units for automated analysis and 
also for laboratory applications have been previously Identified 
(reference 14). 
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WMS PERFORMANCE EVALUATION 


The true measure of performance by developmental systems, such as the WMS, 

1s the contribution made toward producing effective operational systems. This 
means that problem areas are uncovered and possible solutions are tested before 
commiting the design of operational systems. 

Much experience has been accumulated from WMS operations. Solutions to some 
Identified problems are yet unresolved due to practical constraints (time and 
money). Available resources to date have been allocated primarily to functional 
considerations Including the understanding of sensor characteristics [standardi- 
zation requirements. Interferences, data collection and validation), and software 
development to support a variety of potential data applications (sensor and 
system control, treatment process characterization, and plant process control). 
Reconfiguring the system to totally eliminate data errors and minimize downtime 
has received lower priority attention. 

Predicting performance of some future operational system In terns of 
availability, reliability and OIM costs of existing preprototype setup Is 
approximate, at best, and Is subject to misinterpretation. Nonetheless, such 
data are presented In the following paragraphs. The reader should recognize 
that this Infomatlon contains measured performance of production hardware 
(commercial sensors) as well as preprototype systems (biological analyzers, GC 
analyzer, and computer software) whose production configurations have not yet 
been established and tested. 

Hardware age contributed to the failure frequency. The biological sen- 
sors, for example, contain some NASA surplus hardware, primarily valves, which 
are approximately 10 years of age. Tbe age of most of the commercial sensors 
Is about 4-5 years or less. 

Sample Collection and Distribution System 

The sample collection and distribution system was used to collect and 
distribute samples from six locatlr''^ which Included water of a quality ranging 
from City of Paid Alto final ef ent to tertiary treated wastewater. The 
system worked very well throughout the test period. Fifty micron-woven stain- 
less steel filters were used for filtration purposes for the test period. The 
filters are .08 cm thick and .10 cm in diameter. Two filters are located In the 
filter housing and are both used concurrently. Because of the high flow rate 
of sample across the filter surface and the backflushing action, the system had 
no difficulty removing particles and debris from the sample st. »am. What did 
present a problem was grease contained In the City of Palo Alto effluent during 
the last part of July and the first part of August. Also during the same time 
period, the high amount of lime present In effluent from the flocculator/clarl- 
fler also clogged the filters. During July, a malfunction In the reclamation 
facility resulted In the filters becoming clogged with carbon fines. In order 
to prevent a loss of sample flow during this problem period, the normal proce- 
dure of cleaning the filters on Monday, Wednesday, and Friday was modified to 
clean the filters five times a week. Figure 3 In Volume I shows the flow 
schematic for the system. 
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Ttit only porsisttnt probitn that occurred during the test period wts the 
buildup of debris In the puep recirculation valve which resulted In Increased 
senple flow and t^e Introduction of air bubbles to the sample. One backflush 
cylinder and control relay failed during tiie test period. Four sample valves 
failed also during the test period. Additionally, the main sample pump had to 
be rebuilt because of a bearing failure. 

Chemi 1 uml nescence B 1 osensor 


The chemiluminescence biosensor currently processes and measures total and 
viable bacteria once during each 1-hour period. Typical values measured In the 
various wastewater effluents monitored by the VMS are Illustrated In Figure 38. 
The sensor Is routinely calibrated using a Coulter electronic particle counter 
and the firefly luciferase - ATP assay for total and viable bacteria, respec- 
tively. 

The biosensor mechanically and electronically operated satisfactorily 
during the test period. There were, however, several minor problems encoun- 
tered during this time. The flow cell became clogged with precipitant from the 
reagents. This problem was solved by disassembling and flushing the flow cell. 
The drain line became clogged with calcium ''trbonate and had to be replaced. 
Several pilot valves and the d1aphra9n In the compressed air pressure regulator 
failed and had to be replaced. 

Correlation of the viable bacteria results of the biosensor presents 
special problems. Various values for viable bacteria can be obtained depending 
on the type of method employed. Each method measures a particular parameter 
associated with viability. The ATP method and lumlnol - CO method are measures 
of metabolism vdille the standard plate count method Is a measure of the ability 
of a cell to reproduce and form colonies In an artificial environment. For 
this reason the lumlnol method cannot be expected to produce the same results 
as the plate coteits. The ATP results have shown correlation with the lumlnol 
data; however. It Is known that ATP levels within bacteria can fluctuate de- 
pending (Ml environmental conditions and growth phase. For this reason, t^ ATP 
method can be used for "ball park” comparison and some deviations should be 
expected, the most consistent correlation occurs with the Coulter electronic 
particle counter. 

Gas Chromatograph 

The GC operated quite well during the first part (July thi*ough September) 
of the test period. However, early in October, the preparatory columns lost 
carrier gas flow fOr several hours because of a malfunction of the shutoff 
valve on the carrier gas cylinder. As a result, the two preparatory columns 
began exhibiting an excessive amoiafit of column bleed, tdilch totally masked the 
compounds being monitored. Efforts to reduce the column bleed by baking out 
the columns at above normal operating temperatures were unsuccessful. Two new 
preparatory columns were ordered to allow the analyzer to be put back on line 
as soon as possible. However, when new preparatory columns arrived and 
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were Installed, ^ey showed a high baseline signal* Procedures to reduce the 
baseline signal were Inmedlately started. Ihe procedures called fbr raising 
the operating temperature of the preparatory GC to Increasingly higher tempera- 
tures (from 105°C to 150”C) and Injecting ultrapure water Into the preparatory 
columns to reduce the baseline to a usable level. This procedure was extremely 
time consuming. The baseline was determined to be at a usable level Just prior 
to shutting the WMS down for the Christmas holidays. The Bendix automatic 
Injector was found to be leaking air Into the sampling chamber during the 
column bakeout period. Replacement parts were ordered and the Injector re- 
built. The preparatory column oven and the analytical oven were shut down for 
the Christmas holidays, and both carrier gases were allowed to continue flow- 
ing. It was believed that this would prevent the columns from becoming con- 
taminated; however, when the GC ovens were brought back up to operating tem- 
perature the columns showed extreme column bleed. Once again, the lengthy 
process of baking out the columns was begun ^ This process was still underway 
at the end of the test period. As a result, the GC only collected data for the 
months of July, August, and September, This fact Is reflected In a very low 
availability. 

Total Organic Carbon Analyzer 

The new low temperature ultraviolet light TOC analyzer was operational for 
the test period. Overall the analyzer worked quite well. Stability and 
response time were greatly Improved over the old high temperature imlt. Over- 
all maintenance time was reduced considerably. The analyzer was modified to 
allow fbr computer-control 1 ed automatic calibration. This system consisted of 
two Teflon air-actuated slider valves, two pilot valves, and two microswitches. 

Several problems did occur during the test period. The first problem 
encountered was that the sparging system was not removing all of the Inorganic 
carbon from the sample. This problem was corrected by adding 9.1 m of 0.5 cm 
Inside diameter tubing to Increase the contact time for conversion of Inorganic 
carbon to CO,. Additionally, a change was made In tiie TOC calibration curve In 
the ADAM minicomputer. Two separate pump tubing failures occurred. The first 
of these was In the sample pump and resulted In some erroneous data. Hie 
second ^^llure took place In the pimp leading to the ultraviolet light reaction 
chamber. This was much more serious as It allowed the ultraviolet lamp to 
overheat and subsequently two of the three lamps failed. The water separator 
and sparger assembly developed a significant crack and had to be replaced. 

Hardness Analyzer 


The operation of the analyzer was hampered by one persistent problem. The 
analyzer was found to be very susceptible to Interferences from residual 
chlorine levels above 0.5 mg/1, The Interference effect would cause the 
analyzer to show excessively high (400-1,000 mg/1) vilues. Additionally, the 
high amount of lime being added In the reclamation chemical clarification 
process flash mixer In July and August resulted In lime accumulation In the 
electrode chamber. The reagent tubing In the reagent container periodically 
clogged with debris suspended In the ro agent container. With these exceptions, 
the analyzer's overall performance was good during the test period. The hard- 
ness analyzer Is extremely expensive to operate In terms of labor and materials 
costs. 


Nltrif Analyzer 

Th« nitrate analyzer's operation during the test period was limited. The 
main cause of the problem was the extremely high level of nitrate In the City 
of Palo Alto effluent. In July It was found that the analyzer was reading 9 
mg/1 on a sample having a lab verified value of 19 mg/1. The apparent cause 
was that above 9 mg/1 the colormetric system was unable to differentiate darker 
shades of blue. A decision was made to order a new autodlluter systmn to 
return the color of the sample to a usable level. The new dlluter took over 6 
weeks to arrive from the manufacturer since It Is a nonstock Item. Once the 
new metricone was Installed, an effort was made to lamedlately calibrate the 
analyzer and put It back on line. However, at that point a problem was dis* 
covered with the transmission of the sensor status and data signal to the AOAM 
minicomputer. This problma was finally resolved after several weeks of trou- 
bleshooting. Once again, an attempt was made to put ^e analyzer back on line. 
However, It was found that the sensor would not stay In calibration for more 
than a few hours of operation. The manufacturer was contacted In an effort to 
resolve this problem. It Is believed that the high levels of nitrate In the 
samples were causing the cadmium In the reduction chamber to become spent very 
quickly. The test period ended before a lasting fix was found for this 
problem. 

Analyzer 

The Great Lakes Instrument Model 70 pH Analyzer provided good, reliable 
data. The sensor required calibration on an average of once a month during the 
test period. There <;»sn't any serious fouling of the probe as a result of 
sampling secondary effluent or the high lime content In the clarifier effluent. 
When the probe was removed for calibration, the electrode was checked for any 
accisnulatlons of foreign material. The electrode tip was cleaned In a 0.1 N 
acid solution If a significant accumulation was found. For calibration, a pH 
standard of 7 was first used; followed by a pH standard of 10 to check the 
si ope. 

Total Residual Chlorine Analyzer 

Ove«'all the analyzer operated very well and provided reliable data 
throughout the test period with a minimum of problems. The only lengthy 
downtime the analyzer encountered was due to the unavailability of the needed 
reagent from the manuf acturer . The manufacturer has apparently worked out a 

new production schedule to resolve this problem. The analyzer Is fairly expen- 
sive to operate In terms of routine maintenance and consumables. 

Sodium Analyzer 

The Beckman Sodium Analyzer provided good data throughout the test period. 
However, the analyzer's flow system repeatedly clogged during the test period. 
This and the need to refill the zero and span standard containers on a dally 
basis require a high number of man-hours of effort each week. It has been 
found that It Is necessary to disassemble and clean the flow system once a week 


with dilute hydrochloric acid. This 1$ because the anhydrous ammonia used In 
the analyzer causes the particles in the sMple to clump and settle In the flow 
system. The anhydrous ammonia Is necessary to adjust the pH level of the 
sample i»r1or to Introducing It to ^e electrode chamber. A problem was en- 
countered with the gravity flow system that feeds electrolyte to the analyzer's 
reference electrode. A pressurized system was Installed and the problem re- 
solved, except for one occasion when the reference electrode tip clogged. This 
was resolved by placing the tip In boiling deionized water. 

Temperature Analyzer 

The analyzer provided good reliable data throughout Uie test period except 
durlno the last week of operation when the Actlon-Pac amplifier failed. Addi- 
tionally, the socket to which the amplifier Is attached was replaced at the 
beginning of the test period. The probes' output was checked once each month 
against that from a glass thermometer inserted Into the sample stream. 

Turbidity Analyzer 

The Sigrist Photometer Turbidimeter worked extremely well throughout the 
entire test period. The analyzer provided excellent data with a mlnlmua of 
routine or unscheduled maintenance. The only component which failed during the 
test period was the replaceable light source. The only routine maintenance 
required by the Instrument was a once-a-week cleaning of the mirror In the flow 
cell and a check of the calibration. The TJ25 flow cell was used throughout 
the test period. 

Conform Detector 


Prior to the beginning of the test period, the conform detector was 
reworked to the four-broth, four-buffer cell configuration as previously 
described. This change significantly enhanced the capability of the detector 
to eliminate false positive reactions caused by noncollform bacteria. These 
changes were necessitated when It was discovered that several noncollform 
bacteria strains found In the Reclamation Plant effluent were capable of Imita- 
ting the electrode response generated by conform bacteria. 

The majority of the effort expended on the conform detector was divided 
between testing the new sensor configuration and solving an Internal contamina- 
tion problem which will be discussed In this section. 

Specially selected samples of coll form and noncollform bacteria and mix- 
tures of the two were test^ in an extensive effort to prove the validity of 
the buffer cell principle. When evaluating each experiment, a 200 mv change in 
the buffer cell electrode was accepted as evidence of coliform growth in the 
nutrient cell. The buffer cells rep^satedly showed negative reactions for the 
noncollform bacteria strains that were producing positive reactions in the 
broth cells. Based on these results, it was determined that the proper opera- 
ting procedure is to use the millivolt output of thr buffer cells to determine 
the presence of coliform bacteria and to use the broth cells millivolt output 
results to determine the initial coliform concentrations. As an example. If 
the broth and buffer cells showed positive results, the time required for the 
broth cells to show a 200 mv change would be plotted on the calibration curve 


to d«term1ne the initial colifonn concentration. In all Instances, this 
additional criterion was sufficient to allow for differentiation between coil- 
form and noncoliform samples. Consequently, the reconfiguration of the con- 
form sensor has been deemed a success In dealing with the problem of false 
positives. 

One major problem that surfaced during testing of the collform sensor was 
that of Internal bacterial contamination. The contamination problem was evi- 
denced by the fact that on numerous occasions a sample which was known to be 
sterile showed growth In the nutrient cells. It was concluded that a signifi- 
cant population of bacteria was surviving the sensor's nonnal sterilization 
process and resided Internally within the sensor at various times. Repeated 
washing and flushing of the sensor with various bacterlocldes reduced but did 
not permanently eliminate the problem. 

Presently, It Is believed that the contaminating bacteria have been 
residing either within the sensor's pneumatic valve parts or Inside the Teflon 
lines leading to the cells. As the sliding parts of the valves began to wear 
and their tolerance Increased, small pools of nutrient and previous samples 
were discovered within the valves. In many Instances, the leaks were not 
visible from the outside of the valves until the problem was well advanced. It 
Is also thought that a bacterial and protein matrix may have been built up 
Inside the sensor's tubing. In either case, the proposed solution for the 
contamination problem is a routine schedule of replacement for the collform 
sensor's internal parts. It Is believed that this action, along with close 
monitoring of internal valve tolerances, would alleviate the contamination 
problem. 

In conjunction with the samples mentioned thus far, more than 20 samples 
of reclaimed effluent were tested for collform concentrations. No positive 
reactions were observed in any of the reclaimed water samples. Correlating MPN 
tests substantiated the collform results. It should be noted that the permis- 
sible number of conforms In finished reclaimed effluent is 2.2/100 ml while 
the lower confidence limit for the collform sensor Is approximately 10/100 ml. 

Mechanically, the collform sensor operated very well during the test 
period. The few instances of component failure can be attributed to the 
sensor's age as It had seen more than 4 years of continuous service prior to 
the test period. It Is believed that the parts that failed did so because they 
had reached the end of their useful lives. The following component failures 
were encountered during the test period: 


1. Several PVC fittings on the hot water tank failed and were replaced 
with stainless steel. 

2. Two temperature control boards failed during the test period. In each 
Instance a single capacitor failed and was replaced. 

3. Two electrodes began to give erratic readings and were replaced. 

4. Several of the pneumatic valves began to leak fluids. In each 
Instance new bushings were Installed and the valve fittings were 
readj usted . 
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Table 13 shows the number of false positives which occurred during the test 
period. The data show that out of 48 broth cell tests made with Reclamation 
Plant effluent there were 8 false positive reactions. For the same samples there 
were i^ro false positive from the buffer cells. The results are even more 
Impressive for the City of Palo Alto secondary effluent samples. Based on these 
data, the broth/buffer cell configuration appears to have successfully resolved 
the problem of false positive reactions caused by noncollform bacteria. 


Broth Cells 


TABLE 13 


COMPARISON OF COLIFORM FALSE POSITIVES 


Reclamation 
No. of False 
Positives 


8/48 


Ef fl uent 
Reliability 
83.3% 


Secondary 
No. of False 
Positives 


19/40 


Effl uent 
Reliability 
53.3% 


Buffer Cells 


0/48 100.0% 


0/40 100.0% 


Ammonia Analyzer 

The analyzer provided reliable data during the majority of the test 
period; however, several problems did occur virfilch hampered operation. One 
problem which occurred repeatedly was air bubbles blocking sample flow In the 
gravity feed system. This was determined to be a flaw In the design of the 
analyzer. The metricone motor failed In July 1980, as did the signal amplifier 
unit. A problem with the color1met?*ic system was found In February 1981. The 
proper color change was not taking place In the flow system. The problem was 
traced to the pH value of the sodium hypochlorite reagent which was below the 
acceptable range of 7-8. The pH was adjusted upwards and the analyzer cali- 
brated. The procedure for preparation of the reagent was modified to verify 
the pH of the sodium hypochlorite before preparing the reagent. 

The analyzer Is equipped with the WMS autostandardization systerii and was 
automatically calibrated once each day. Because of the frequency cf reagent 
preparation, the analyzer was quite labor Intensive. 

Conductivity Analyzer 

The Beckman analyzer performed throughout the test period without any 
significant problems. Periodically the flow cell was removed from the flow 
system and checked for buildup on the cell walls. The valws were routinely 
compared with the two conductivity analyzers In the laboratory at the reclama- 
tion facility. 


Dissolved Oxygen Analyzer 

The Delta Scientific analyzer performed reliably ttiroughout the test 
period without any major problems. One Teflon electrode membrane failure 
occurred. The calibration of the analyzer was routinely checked using a Hach 
wet chemistry dissolved oxygen kit. 







96 


Delonind Water Systtw 


The system reliably irovided high quality deionized water to the various 
parts of the VJMS. The one problem which periodically occurred was bacteria 
contamination in the reverse osmosis storage tanks. As a result of this con- 
tamination It was necessary to sanitize the entire system once every 30 days. 
The R060 reverse osmosis cartridge was fPund to have a useful life of 6 months 
with the available tap water. This Is approximately one-half the expected 
useful life. The recommended procedure for storing the reverse osmosis 
cartridge during an extended shutdown period calls for shutting off the tap 
water flow to the cartridge and placing It In a formaldehyde solution. This 
procedure did not seem to work satisfactorily for the 2 week shutdown at 
Christmas. It was found that the best procedure was to leave the tap water 
flowing and run the effluent from the cartridge to the drain. 

Data Acquisition and Report Generation System 

Numerous hardware failures occurred for both computer systems during the 
test period. Some were hard failures and could easily be traced to printed 
circuit boards for the peripheral device control Interfaces such as A/D, termi- 
nals and the magnetic tape unit. In addition, one computer memory board 
failure occurred on the average of every 3 months. Other failures were Inter- 
mittent and could not be Isolated to either software or hardware when one of 
t<ie computers would halt. On the average, one failure occurred every week that 
resulted In approximately 16 hours downtime, although normally 8 hours per week 
can be expected. 

Except for one software error In the NOVA 30 operating astern that pro- 
duced Intermittent computer halts throughout the test period and was corrected 
In February 1981, all the failures could be traced to the hardware. A sub- 
stantial nunk>er of failures were directly the result of poor electrical con- 
tacts. This problem may have been aggravated by the Instances of chlorine gas 
entering within the VIMS trailer when the MRF/PA had an equipment failure. The 
computer equipment Is approaching the limit of Its useful lifetime and can be 
expected to fall more frequently. 

« 

Some downtime was associated with software development activities during 
August 1980 and cannot be realistically charged to equipment availability. 
Also, the failures in January 1981 were the direct result of the equipment 
being turned off during the last 2 weeks of 1980. If these times are not 
considered, the average downtime is reduced to 5.5 hours per week. 

WMS Availability 

WMS availability (percent of time the subsystems/ sensors operated on 
demand) was monitored during the test period. The operating time and downtime 
periods for each of these are summarized In Table 14. The downtime recorded for 
each of the sensors/subsystems Includes actuat repair times and downtime 
attributed to waiting for necessary reagents or parts. 


TABLE Ik 


WMS AVAILABILITY/RELIABILITY 


DOWN ERRONEOUS 


WHS 

OPERATING 

ELEfCNTS 

TIME (HRS)/ 

OPERATING (t) 

Tire (HRS)/ AVAILABILITY 

DATA (HRS)/ 
TOTAL 

DATA (HRS) 

(%) 

RELIABILITY 

SIGNIFICANT 
PROBLEM! S) 

SMplIng 

SystM 

11/3931 

99.7 

246/3916 

94.5 

Periodic Plant 
Process Upsets 

CcMputer 

Systm 

551/4454 

87.6 

371/3903 

90.5 

Printed Circuit 
Board Failures 

Biosensor 

171/3633 

95.3 

110/3418 

96.8 

None 

Coll form 
Detector 

17^97^ 

82.5 

0/88 

— 

Contaal nation 
and Hardware 
Failures 

TX 

355/3553 

90.0 

148/3111 

95.2 

Failure of UV 
Leaps 

Residual 

Chlorine 

870/3672 

76.3 

15/2994 

99.5 

Teaporary 
Unavailability 
of Reapent 

Turbldl^ 

1/3739 

99.9 

4/3737 

99.9 

None 

D.O. 

2/3729 

99.9 

20/3724 

99.5 

None 

Atannla 

267/3324 

92.0 

448/3055 

85.3 

Pmp and Valve 
Failures, 
Reapent 
Probleas 

Nitrate/ 

NItHte 

3366 /35B7 

6.2 

39/221 

82.4 

Cadniua Reduc- 
tion Systea 
Malfunction 

pH 

3/3764 

99.9 

48/3744 

98.7 

None 

Conductivity 

0/3770 

100. 0 

3/3753 

99.9 

None 

Teaiperature 

38 / 3762 

99.0 

11/3719 

99.7 

Corrosion of 
Contacts In 
Socket 

Hardness 

84/3504 

97.6 

1249/3420 

63.5 

Interference of 

Residual 

Chlorine 
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TABLE 

(Continued) 



Sodliaa 

100/3689 

97.3 

259/3591 

92.8 

Buildup of 
Debris In Elec- 
trode Holder 

6.C. 

2613/3635 

28.1 

1 

100/1022 

90.2 

Col (Ml Bleed In 

Preparatory 

6.C. 

0 . 1 . 

Mater 

271 /5a? 

95.0 

0/5282 


None 

A.C. M 
Systaa 

3/5832 

99.9 

0/5756 


None 


MOTE : 

^Collfom Detector Operations and Ooentlae Reported In Days. 
2 

A. C. Systea Is a dual unit, eadi Independent of the other. 


WMS ReliablUty 


Sensor/ sub system reliability (percent of operating time the data generated 
I were valid) Is summarized In Table 14. These values are calculated based on the 
number of hourly averages determined to be erroneous divided by the total 
number of hourly averages recorded. This calculation was made for each Indi- 
vidual sensor/ subsystem. 

WMS Operations and Maintenance Cost Summary 

This section deals with the operations and maintenance costs for each of 
the sensors/ subsystems. This Is Intended to cover all consumables, hardware 
and iabor required for 8 months of continuous operation. Tlris cost estimate Is 
based on actual expenses Incurred during the test period and as such may vary 
depending on the age of the hardware. An additional goal of the program was to 
determine, when possible, the life expectancy of the various subsystems. These 
data where available are reported In Appendix 6. 

The 04M costs for the sensors/ subsystems of the WMS are summarized In 
Table 15. Extrapolation of these data gives a projected annual 04M cost of 
$94,125. 

The distribution of costs may be summarized as follows: 



Labor 

Materials 

Total 

Operations 

18.0% 

4.9% 

22.9% 

Maintenance 

57.6% 

19.5% 

77.1% 

Total 

75.6% 

24.4% 

100.0% 


These calculations are based on the detailed data contained In Appendix G. 
Appendix G additionally contains a list of the reconnended spares for each 
sensor/subsystem. 


TABLE 15 


OPERATIONS AND MAINTENANCE COST OF 
WATER MONITOR SYSTEM 

JULY 1. 1980 THROUGH FEBRUARY 23, 1981 

y Operations Maintenance Totals 

Sampling System 


Materials and Supplies 
Labor 

Computer System 

Materials and Supplies 
Labor 

Biosensor 

Materials and Supplies 
Labor 

Conform Detector 

Materials and Supplies 
Labor 

Gas Chromatograph 

Materials and Supplies 
Labor 

TOC Analyzer 

Materials and Supplies 
Labor 

Residual Chlorine Analyzer 
Materials and Supplies 
Labor 

Turbidity Analyzer 

Materials and Supplies 
Labor 

Dissolved Oxygen Analyzer 
Materials and' Supplies 
Labor 

Ammonia Analyzer 

Materials and Supplies 
Labor 

N1 trate/NI tri te Analyzer 
Materials and Supplies 
Labor 

pH Analyzer 

Materials and Supplies 
Labor 

Conductivity Analyzer 

Materials and Supplies 
Labor 

Temperature Analyzer 

Materials and Supplies 
Labor 


340 

$ 220 

560 

300 

190 

490 

1070 

2230 

3300 

4140 

13600 

17740 

180 

240 

420 

450 

2080 

2530 

300 

470 

770 

2900 

3070 

5970 

200 

670 

870 

1380 

4500 

5880 

790 

940 

1730 

340 

860 

1200 


1480 

1480 

70 

1370 

1440 


60 

60 

60 

110 

170 


100 

100 

30 

no 

140 


790 

790 

570 

4320 

4890 


960 

960 

220 

1500 

1720 


50 

50 

60 

220 

280 


110 

no 


130 

130 

20 

no 

130 


TABLE 15 (Continued) 


Hardness Analyzer 


Materials and Supplies 


1950 

1950 

Labor 

140 

1830 

1970 

Sodium Analyzer 

Materials and Supplies 

200 

150 

350 

Labor 

400 

1890 

2290 

Deionized Water System 

Materials and Supplies 


1370 

1370 

Labor 

240 

270 

510 

General Lab Supplies 


400 

400 

TOTALS $14,400 

$48,350 

$62,750 


Projected Yearly OiM Cost ■ $94,125 
y NOTE; 

Labor costs of $37/hr. for engineering; $27/hr. for all others. 
2/ NOTE ; 

Includes operator tine for Implementing new software. 


Sumnary 

As previously mentioned, the purpose fbr developmental ^sterns Is to 
Identify problems before committing to the design of an operational system. 
The experience with the VMS has shown that the fbHowIng will be key considera- 
tions when building reliable and Inexpensive operational systems: 

1. The Ideal sensor: Is an electrode; can be located In the sample; 
requires no reagents; Is not subject to Interference from other con- 
stituents In the sample; Is fail-safe; I.e., It falls In a readily 
Identifiable manner; Is easily maintained; Is rugged; has proven 
reliability In a variety of applications; resists foullna by solids or 
grease; Is stable for long periods wltiwut calibration; does not 
require sample preconditioning, I.e., filtering, concentration, fixed 
flow rate, etc.; does not require complex electronics for control or 
signal conditioning; provides a direct continuous readout of a con- 
trollable parameter. Most water quality sensors do not meet all these 
specifications. Some conductivity cells and dissolved oxygen elec- 
trodes which are available on the market meet many of these require- 
ments. Most other sensors Introduce complexities which must be 
managed. 

2. Colorimetric procedurals and gravity flow through small tubing should 
be avoided In unatten'ed automated sensor applications. 

3. Operators should be trained to understand the significance of each 
measurement and the failure modes of the sensors. Competent vendors 
will provide such detailed Information on the characteristics of their 
sensors. The comprehensiveness of the vendor's operating manual Is 
often a good Indicator of the quality of the product. 

4. Sensors utilizing proprietary reagents should be avoided unless a con- 
tracted delivery schedule Is prearranged. 

5. The system design should provide fault detection, alarm, and alternate 
operating modes for significant failure modes: 

a. Loss of sample. 

b. Air In sample (where It Interferes with the analyses). 

c. Loss of sensor sensitivity, I.e., reagent, sample, etc. 

d. Filter plugging. 

e . Erroneous data . 

6. Automatic standardization Is a necessary requirement fOr unattended 
operation of most chemical sensors. 
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7. Computer systems hardware and software should be provided with error 
detection and correction capability. The ability to detect and cor- 
rect single bit errors In the computer main memory can substantially 
Increase reliability. 

8. Direct memory access or high speed I/O channel programs should be pro- 
vided when communicating with other computer systems. This will allow 
data to be transferred directly Into main memory rather than a less 
reliable transfer by an applications program via a low speed device, 
l.e., RS232. 

9. Dial -up/ auto- answer communications provide the capability for remote 
failure diagnosis. Troubleshooting thereby can be accomplished with- 
out specialists being retained on-site. 


DATA PROCESSING 

In addition to the real-time data display and trend plotting, the EVE 
report generation system has data processing capability for a lognormal distri- 
bution analysis and a linear regression analysis. A lognormal distribution was 
chosen to Interpret the data obtained from monitoring based on the study per- 
formed by McCarty, et al , at Stanford University (reference 3). The Stanford 
study evaluated parameters for several probability models using various sets of 
organic and Inorganic concentration data from Uater Factory 21 In Orange 
County, California. Models for normal and lognormal probability distributions 
were selected for analysis because they produced reasonable data fits and 
provided ease of statistical Interpretation. It was concluded that the 
lognormal distribution adequately represented the results at least 92% of the 
time and thus provided an adequate description of the probability for organic 
and Inorganic materials at Water Factory 21. (The lognormal distribution was 
rejected for only mnmonia and conductivity.) 

Verification of the validity of the lognormal distribution Is provided In 
the Stanford s^y, and no attempt was made to consider other probability 
models for this study. The lognormal distribution has a strong theoretical 
justification based on the assumption that fluctuations are proportional rather 
than additive. The chi square statistic was determined for each parameter as a 
method to evaluate the validity of the lognormal distribution and determine If 
the data were normally distributed. The results Indicate a high correlation 
exists for most parameters. 

A linear regression analysis was performed on all monitored data to 
evaluate the relationship betv«e' parameters across the reclamation plant and 
among processes. The least-square line obtained by the linear regression 
allows a determination of the standard error of estimate and the coefficient of 
correlation and thus provides a means of evaluating the direct dependence of 
the variables. 

Characteristics of the Lognormal Distribution 

Normally distributed data will plot as a straight line on probability 
paper If the ordinate scale Is arithmetic, while lognormal ly distributed data 
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will plot as a straight line if tte ordinate scale is logarithmic. Normal 
distribution is one of the most important examples of continuous probability 
distribution and is defined by the following equation (reference 6): 


Y . -JL. ,-(X-u)»/2o* 

o/Fr 

Nhert u ■ man, a ■ standard deviation, and X Is expressed 
In standard units «1^ Z ■ (X-u )/o 


In such cases, Z Is normally distributed with mean zero and Parlance 1. A 
graph of the standardized normal curve Is shown below with the areas Included 
between Z ■ -1 and *1, Z • *2 and -•'2, and Z ■ *3 and +3 as equal to 68.27%, 
95.45%, and 99.73% of the total area under the curve which Is one. 



In order to analyze a set of data, the average and standard deviation of 
the logs are determined by common statistical procedures. The average so 
obtained represents the Intercept, and the standard deviation represents the 
slope of the regression line for the lognormal distribution. 

Computer plots of these results were generated for each parameter and for 
each period of Interest. A representation of a typical result Is shown In the 
following figure. The ordinate presents the log over the data range and the 
abscissa presents the percentage of time the total population was less than the 
measured value. The Percent of Time Less Than corresponds to the probability 
of occurrence fbr a measured value. The data range represents the dally 
average (N)ta1ned from the hourly average which was determined from sample rates 
of 1 minute fbr all measurements with the exception of the G.C. and biomass 
measurements, which were recorded once each hour. 
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It should be noted that In the heading, on the following figure, the reclama- 
tion plant Influent (Palo Alto final effluent) Is sample source #2 and not #1. 
This Is because prior to this test period, sample source #1 was primary 
effluent, and the aeration tank was not a sampling point. Since a large amount 
of data had been collected and stored on computer tape. It was decided to leave 
the Palo Alto final effluent as sample source #2 so as not to hinder statis- 
tical analysis of the historical data. 










The Z-score Is also shOMn on the abscissa for comparison. The 50% or zero 
value fbr Z represents the geonetrlc mean. This plot Is a good exanple of the 
waterfall decrease In the dependent variable across each process and readily 
shows the range of data for the report period. 

The normal distribution function Q(x) Is defined by Hasting's best 
approximate equation (reference 7), 


Z(x) 

Q(x) 


Z(x)[bit bjt* ♦ bit* ♦ b%t" ♦ b,t‘] 



p • .231642 b, • 1.78148 
bi - .319382 b« - -1.82126 
bi - -.356564 b, - 1.33027 

where Q(x) • area under the standardized normal curve from 0 to -•■Z 








2 

The test for normality or goodness of fit Is based on the X (chi 
distribution at the 95% confidence level for 2 degrees of freedom, 




square) 


X* ■■5.99 (based on Z being a function of u and a) 




******* X* ■ 2 


4 


■ observed or actual frequency 

/ ■ estlaeted frequency based on a 
noraal distribution 


The chi square statistic has been calculated for each parameter at each 
sample point to evaluate the goodness of fit to the postulated lognormal dis- 
tribution. There Is only one chance In tventy of chi square exceeding 5.99 If 
the data are no<^11y distributed. Thus, the lognormal distribution model may 
be rejected witl 95% confidence Mhen the value exceeds 5.99. Much of the data 
presented In this report Is adequately described by a lognormal distribution, 
however, there are exceptions, as shown In Appendix D. 

Characteristics of the Linear Regression 

In a linear regression analysis, values of the dependent variable are pre- 
dicted from a linear function of the form 


Where Y* Is the estimated value of the dependent variable Y; the constant 
a (referred to as the Y Intercept) Is the point at which the regression line 
crosses the Y axis and represents the predicted value of Y when X > 0; and the 
constant a (usually referred to as the regression coefficient) Is the slope of 
^e regression line and Indicates the expected change In Y with a one-unit 
change In X (reference 7). 
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The regression method involves the evaluation of a and a in such a «»ay 
that the strni of the squared residual is smaller than any possible alternative 
values, I.e.; 

(Y - Y' )* ■ minimum 

where Y - Y' ■ residual or difference between the actual and 

estimated value of Y for each case 

The optimum values of a and a are obtained from 
t - gfx ■ T)ft - T) . nzxr > (rx)(rYl 
* I(X - D* HEX* - (EX)» 

a, . T . ill . Cn)(£x») ■ (rx)(rxY) 

HEX* . (EX)* 

The Standard Error of Estimate Is a measure of the accuracy of the 
prediction equation. It Is the standard deviation of actual Y values from the 
predicted Y' values or 


«£ • Standard Error • 

The Standard Error Is Interpreted as the "average residual." 

The linear correlation coefficient Is the ratio of the explained variation 
to the total variation or 

J explained vaiiatlOT . / EfYest - 
^ 1 total variation ‘|/ j(f . Y)* 

where Yest ■ estimated value obtalnevi linear regression 

T ■ average of dependent vari.;blc 

Y ■ dependent variable 

and Is determined by 

r.sS 

where m • slope of regression line 

ex « standard deviation of Independent variable 
ey * standard deviation of dependent variable 




E(Y - Y')* 
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Results of the regression analysis for the report periods are presented In 
Appendix A, Linear (Y » a ♦ a X), parabolic (Y»a + aX + aX), and loga- 
rlthnlc (LogY ■ a + a LogX) regressions »«re performed for each parameter 
across each process and across the reclamation olant. Results Indicate that 
linear and logarithmic regressions generally provide a good prediction for the 
downstream parameter. In some cases, particularly for the halocarbons and 
total organic carbon, the logarithmic regression produced a superior Improve^ 
ment In the correlation coefficient compared to the linear and parabolic re- 
gressions. 

A typical example of a statistical summary md regression analysis Is 
shown In Tables 16 and 17. The nxjnthly average is determined frtxn the hourly 
averages. Ihe dally average variation Is the standard deviation of the dally 
averages. The hourly average variation Is the standard deviation of the hourly 
averages. The percent removal Is determined from 

% removal • I - 0 x 100% 


where I • Influent value 
0 ■ effluent value 

for sample source 1 to 6 across the plant. The percent removal %ross each 
process Is determined from 

% removal » (I - 0^ process x 100% 

TT - dlplant 

4 

vliere ( I -0) pi ant » measured concentration removal 

across the plant 

(I-O)proccess • measured concentration removal 
across the process 

In this manner, the removal efficiency of each process can be compared for the 
plant. 


no 


TABLE 16 SAMPLE STATISTICAL DATA 







TABLE 17 


SAMPLE REGRESSION ANALYSIS 


•■eatsaio*! *N*Lvstt aoa I, iMt to n% n, 

rao<« •Avat.r touacc i to lAMatC sooact » 


LlltCA* eiwvc PIT aPSUCTS (vaat • «!•» 



CnY 

Iiaioa' uattli 

~»i 

Ai 

“itAwaaS"" 

eotB, 

iTi^u 


ao. 




COMB 

cecaa. 

am 



TOTH atoaasi -tL C/H 

a.tiai ' 

a.aaao 

r.aa^S 

a.iiaa 

aa 


>. 

VIAHf tlOa«aSH|L C/H 

a.llTT 

•a.asaa 

a.jaai 

a.aaoi 

as 


1. 

act eacnataf m«/i. 

I.TfOl 

a. alia 

i.asoo 

a.iaaa 

ar 



Tuao|D|TT«aiata«/l. 

A.Atai 

a. sail ' 

t.aaos 

a.ioaT 

laa 


T. 

»is olvoca •^/L. 

a.aoTf 

a. star 

t.iaai 

a.ooir 

too 


la. 

•■Mtoat* "0/L 

•i.tTia 

i.aisa 

a.oafo 

a.aaoa 

TS 


It. 

a|Ta»TI * aoH 

l.oaao 

a;aaaa 

a.aaaa 

a.aaaa 

a 


i>. 

PM PM 

A.oaST 

a.ifss 

a.aoai 

a.lSBT 

iia 


u. 

TOT oa« caaaoa «e/L 

i.fasa 

a.asia 

i.sati 

a.JTTT 

BT 


»•. 

eosiaocTxviTT i«-«K07Pr" 

Sfr.«aja 

a.aato ^A.assa 

a.sTsi 

ita 


i». 

rr>a*a*ruaa»i 0(0 a 

aa.iaia 

a.sToo 

i.iaa* 

a.Toaa 

lao 


i». 

MAtOMSI ac/U 

ITS. Star 

a.aaao 

asa.saaT 

a.Tias 

so 



SOOtUM M«/L 

aa.aaai 

a.ooia 

a.aosi 

a. oats 

taa 


it. 

aaOtiaT Tcaa OfO a 

M.TOfl 

a.Tiai 

i.aaoa 

a.Tits 

Ita 


la. 

TOT HALOCaatoa aaa 

if.aaaT 

a.asao 

aa.sssi 

a.oTaa 

aa 


atatoouc cua«t an acsuLTs 

(TaAO * At*B 

♦ Aa*«**ai 





ea« 

scaaea uNira 

AO 

At 

aa 

STAiaOABO 

eoBB. 


ao. 





COBOB 

eoeaa. 


t. 

TOTAL atOMAaS *T% C/H 

a. IMS 

a.isas 

•a.aato 

a.aasa 

a.isoT 


a. 

VIAM.C aiTWAasMit e/H 

a.isai 

•a.aaaa 

•a.aiis 

a.saai 

a.aaaa 


a. 

aaa eHnaiac m«/l 

l.aTTO 

a.aooa 

•if BPBP 

t.aasa 

a.aaia 


a. 

TuaatoiTT«attaa«/L 

I.I>T« 

a.ssaa 

•i f B 1 1 y 

i.aaaT 

a.aaas 


T. 

Ota o>vat« itc/L 

A.aaaa 

•a.asaa 

a.asiT 

l.aOTT 

a.oToa 


N. 

Aim<jmia ae/t 

=*.»aTi 

a.oass 


a.sasa 

a.aaas 


H. 

aiTaATC <»«/L 

t.Ataa 

a.aaaa 

a.aaaa 

a.aaao 

a.aaaa 


la. 

PM PM 

•a.Aaaa 

P.«%04 

•i f 

o.aaoo 

ObSUA 



TOT nae cAOMoa ao/L 

T.ssia 

•a.aiai 


i.aiaa 

a.saai 


i«. 

eoaOtlCTtVITT aaawq/Ca 

•liaa.saia 

O.OTaS 

•a.aaas 

fS.sasa 

a. ASIA 


If. 

Tra*caATiiaa>i oca a 

•laa.tiAi 

a.aiio 

•a.aaaa 

i.aias 

a.asia 


ta. 

NAaoataa aavL 

•IT.aiA# 

t.saoo 

•a.aaaa aaa.iaoa 

a.iaai 


IT. 

aoetua Mc/L 

•aTO.TStT 

a.TSat 

•a.aiao 

a.aiao 

a.iaaT 


ta. 

AMOicaT rra* oca a 

isi.aaas 

•a.arso 

a. aaa? 

i.aaia 

a.rasT 


»a. 

TO? MALOCEPPOM PPt 

la.aata 

a.aara " 

a.aaaa 

'aa.ATos 

T^aTaa 


LOSABITMMIC eUBVt 

atT BCautra 

(LOO (VI BAB 

•AtHOO(VI) 



CHA 

SCOBOB 

OOlTf 

AB 

At 

BTANIIAaO 

COBB. 

00, 





■ laaoa 

eoeaa. 

1. 

total aiOMAlB 

"IL C/"L 

•a.aaao 

a.lABB 

a.Bsaa 

a.aass 

a. 

viaolc AinoAssMiL C/m. 

•i.aaaa 

a.saaa 

a,SB»T 

B.aSTS 

f. 

ara CHLOaiNC 

M/L 

a.aara 

a.iiaa 

a.aau 

a.saaa 

0. 

TuaointTT^aiaaoo/L 

a.aaaa 

a. MSS 

a.isia 

a.saa? 

■ T. 

Ota oirsfo 

■S/L 

a.aiaa 

o.aaai 

a.aaaa 

a.aasi 

ta. 

AMMOalA 

OO/L 

•a.iasa 

a. soar 

a.sfsa 

a.aaas 


II. 

OITBATt 

OO/L 

a.aaao 

a.aaaa 

a.asaa 

a.saaa 

K. 

PM 

PM 

a.AOaT 

B.SaCT 

a.asaa 

a.sasa 

11 . 

TOT 0B« CABOOW MO/L 

a.asaa 

a. SOTS 

a.isas 

a.csaa 

ta. 

eONOUCTtVlTT 

o»ooo/e» 

i.siaa 

a.sasa 

a.aiaa 

a.sasa 

If. 

TaoBCBAT' afai 

0C6 a 

a.TSTI — 

a;saiT 

A. sail 


to. 

MABooeaa 

MO/L 

a.aisi 

a.asaa 

a.iasa 

a.aacc 

IT. 

aooiuM 

•0/L 

a.asai 

a.TOaS 

a.atsa 

a. rasa 

ta. 

AMOtlOT T|MB 

oca a 

a.saaa - 

a.aaaa 

a.asaa 

~ a.Tait 

to. 

TOT NaLOCABOON BB« 

a.avaa 

i.aaas 

a.isar 

a.aaaa 
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RECLAMATION PLANT/PROCESS PERFORMANCE EVALUATION 


This portion of the report was originally intended to describe the steady- 
state performance of the plant beginning in July 1980 through the end of February 
1981. As shown in Table 18, the reclamation plant influent, effluent from the 
secondary treatment process, changed during this period from that for which the 
reclamation plant was originally designed; i.e., activated sludge to fixed-film 
reactor (deep trickling or roughing filter)/nitrification/dual-media filtration. 
These changes were in the process of stabilization for much of the summer of 
1980. Also, once stabilized, these changes had a substantial effect on concen- 
tration levels of certain water quality parameters in the reclamation plant 
influent. 

Thus, in order to provide the desired steady-state performance data which 
are representative of plant capability, the results of two different periods, A 
and H, are presented. Plant and influent processing during these two test periods 
is shown in Table 18. In some respects, period H, even though only a 
1-month period, may be more representative than period A of conditions normally 
present in tertiary treatment. The configuration differences of these two periods 
are summarized below: 


Influent Processing 

Activated Sludge 

Fixed-Film Reactor/ 
Nitrification/ 

Dual -Media Filtration 

Granular Activated Carbon 

New 

Exhausted 

Chemical Clarification 
pH 9.5 
pH 11 


Period 

A 


X 


Period 

H 


X 


X 

X 

X 

X 


Presented below are plant and process input/ output data for periods A and 
H, plant and process availability and O&H costs as measured for the 8-month 
period beginning July 1, 1980, through February 28, 1981, and plant reliability 
for the two -«st periods. 
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TabI* 18 Procass Configurations for Tast Parlods 












Input/Output 

Figure 39 shows the location of sampling points In the process stream and 
the sampling schedule. Plant Influent and effluent concentrations for the two 
test periods are summarized In Table 19. It should be noted that for period A, 
the pH of the Influent was significantly lower because of nitrification at the 
city plant. 

The percentage change In concentration across each of the processes Is shown 
In Table 20. The change In a parameter as the water flows through each process 
can be followed horizontally, from left to right, for both test periods. Large 
negative values Indicate that the process caused a significant reduction of this 
constituent. The overall effectiveness of each of the processes can be judged 
by examining the numbers vertically. It Is readily apparent from this table that 
the chemical clarification and activated carbon sorption processes had the 
greatest influence on changes In water quality. 

The results of a statistical analysis of process performance are presented 
for each WMS parameter In Figures 40 through 59. The upper graph compares plant 
Input to output for the two test periods based on a lognormal distribution model 
and a + 3a data range (99.7* of the data). The plot also shows results of 
measurements made on primary effluent during the H test period, thus providing 
a graphic Illustration of total treatment results beginning with settled raw 
wastewater through secondary treatment and, finally, through tertiary treatment. 
Additionally, comparison of the reclamation plant Influent data for the two test 
periods shows the differences in performance of the secondary processes In each 
of the test periods. 

The data displayed In the bottom graphs show process perfomance and were 
developed by a linear 1east«squares fit of each process output s a function of 
plant influent concentration based on a log-log model; i.e., i ^ 0 ■ m log I + 
b. The results of this analysis are plotted in terms of percent removal and 
output/input for the influent concentration range indicated by the above 
lognormal distribution. The resulting curves allow the reader to follow a 
parmneter through the plant (sampling points are consecutively numbered) and 
determine the cunulative contaminant removal as water progressed from process 
to process. 

Figure 40, for example, shows in the upper graph the statistical distri- 
bution of the measured total biomass in the plant influent and effluent for 
test periods A and H. Total biomass in the primary effluent is also shown. 
The plotted curve illustrates how often the measured data were less than a 
particular value. Ideally there were an equal number of data points above and 
below the 50% point which is thus the mean of the data population. The varia- 
tion of the data is reflected by the slope of the curve, where a horizontal 
line indicates that there was no variation. As a further illustration of the 
interpretation of these plots, the lower graphs in Figure 40 show the contribu- 
tion of individual processes to contaminant removal. The period A results 
showed, for example, that most all the biomass in the influent was removed in 
chemical clarification, whereas the subsequent process, mixed media filtration, 
introduced additional biomass into the water stream, indicating that bacteria 
are growing and being continually eluted from the filter media. 
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TABLE 19 PLANT PERFORMANCE FOR TWO TEST PERIODS 
(GEOMETRIC MEAN) 


TOTAL IIOHASS 

VIAILE BIOHASS ae/PI 
TOTAL RESIDUAL CHLORINE m§/L 
TURBIOmr mtfl. 
DISSOLVED 0XY5EN ai/L 
TOTAL ORfiANIC CARBON M/1 


mssL 

0.2 -07.2 
0.1 -«4.0 
1.7 -53.0 
4.4 -«5.8 
(.0 2.4 
3.6 -62.2 


3.3 -76 


NITRATE / NITRITE 

pH 

COMNJCnVITY 


NETmLENE CH.0R10E 
1.2-OICHLOflOETHYL£l« 


1.1.1-TRICHLOROETNANE 

jjg/1 

BROMXICHLORIWETHANE 

UB/1 

TRICHLOROETHYLENE 


OIBROMOOIOROMEDMC 

^l9/^ 

BROMOFORN 


TRIHALOICTNANES 

H9/T 

TOTAL HAL0CAR8ONS 

Hfl/1 











TABLE 20 PROCESS PERFORMANCE FOR TWO TEST PERIODS 
(GEOMETRIC MEAN) 



— nANT INnjJIHT 
•— TiANT IFm«NT 
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PERCENT REMOVAL CONCENTRATION 


TURBIDITY 




Figur* 43 Data Distribution t Procass Renioval Charactaristics 
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PROCESS EFFLUENT /PLANT INFLUENT 




PERCENT REMOVAL CONCENTRATION 
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Ftgur* 52 Data Distribution t Procass Ramovai Charactaristics 
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PROCESS EFFLUENT /PLANT INFLUENT 
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Figur* 57 Data Distribution ( Procass Ramovai Charactaristics 
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PROCESS EFFLUENT /PLANT INFLUENT 
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Figurt 59 Data Distribution S Procass Rwnovai Characteristics 
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PROCESS EFFLUENT /PLANT INFLUENT 



The computerized deta analysis from \idi1ch figures 40 through 59 were con- 
structed is Included in Appendix D. 

Table 21 shows the results of a test to determine whether process perform- 
ance can be reliably described, as above, by simple statistical procedures; 
i.e., by the mean and the standard deviation. Values of chi square are shown 
for the lognormal data distribution model. If the data for a test period fit 
the assumed model, a value of 6 or less will be obtained in 19 of 20 trials 
(test periods), thus, the model may be rejected for values greater than 6 with 
at least 95% confidence. 

Table 21 shows that these values ranged from near zero, indicating a near 
perfect fit of the data to the model , to 66, indicating an extremely poor fit. 
Over half (57 percent) of the measurements had chi squar-e values of 6 or less. 
The paraneters which most consistently showed normality were: methylene 

chloride, total halocarbons, viable biomass, conductivity, hardness, trihalo- 
methanes, chloroform and pH. Total biomass, anmonia and TOC showed a pro- 
nounced change in normality between the two test periods. 

It is proposed that the chi square value may reflect process stability; 
i.e., a high value preceded by a low value in the water treatment process train 
indicates that this process is susceptible to random and unexplained upsets. 
On the other hand, a low value preceded by a high value shows ^at the process 
is tolerant to influent upsets. Table 22 shows the number of parameters which 
had a significant change between the influent and effluent of processes. 
Chemical clarification followed closely by ozonation generally reflected a 
greater stabilizing effect while 6AC seemed to have the greatest tendency for 
unexplained upsets. 

A consistently high chi square value may indicate that this particular 
water constituent or its sensor is inherently unstable. Only one measurement, 
trichloroethane, failed to show any lognormal distribution characteristics. (>i 
the other hand, if the chi square values were always low, say less than 1, the 
data may be "too good" and the responsiveness of the sensor might be suspect. 
Such consistently low values did not occur. 

The following summarizes significant plant characteristics reflected by 
the data: 

1. Influent Processing: The change in secondary treatment from activated 
sludge S fixed-film reactor/nitrification/dual-media filtration 
resulted in a significant reduction in reclamation plant loading fbr 
many contaminants. 

2. Chemical Clarification : 

a. Vlien operating at pH 11, essentially all ti!e biomass is removed in 
the sludge and/or by cell lysis (disintegration at high pH). Bio- 
mass removal was less effective at the lower pH of 9.5 in period H 
where about 60% was removed. 
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TABLE 22 


SIGNIFICANT CHANGES IN 
NORMAL DISTRIBUTION ACROSS PROCESSES 

NUMBER OF PARAMETERS 


SECONDARY 
(PERIOD H) 

CHEM CLAR/RECARB 
(PERIOD A) 

CHEM CUR/RECARB 
(PERIOD H) 

RECARB/FILT 
(PERIOD A) 

FILT/OZON 
(PERIOD H) 

OZON 

GAC 

(PERIOD A) 

(PERIOD H) 

FILT/CHLOR 
(PERIOD A) 


MORE 

NORMALLY 

DISTRIBUTED 

PHYSICAL/ 

CHEMICAL/ 

BIOLOGICAL 


SENSORS K 

4 1 

5 2 

1 4 

1 3 

2 5 

3 0 

2 3 

0 2 

2 1 

3 0 


LESS 

NORMALLY 

DISTRIBUTED 

PHYSICAL/ 

CHEMICAL/ 

BIOLOGICAL 


SENSORS K 

1 3 

1 0 

3 1 

2 0 

3 1 

1 2 

2 2 

2 3 

5 1 


(PERIOD H) 


1 


1 


b. The turbidity measurement Indicates that only about 25% of the 
suspended solids removed In the plant are removed by chemical 
clarification. In light of the biomass data, ¥*(1ch Indicate that 
a much larger portion of the suspended solids Is removed In the 
clarifier, this small decrease In turbidity Is attributed to floe 
carryover. Experience with fouling of downstream equipment by 
calcium carbonate deposits supports this Interpretation. 

c. More TOC was removed; I.e., 3 versus 1.5 mg/1, when operating at 
the higher pH of period A (with aeration at pH 11, TOC removal 
Increased to 5.5 mg/1 during period G. The aerators were not 
operational during periods A and H). 

d. The concentration of the tribal omethanes Is Increased. This Is 
probably due to the additional time that the chlorine Is In con> 
tact with organics In the clarifier. This allows more chlorinated 
organic formation time. 

e. Ionic activity associated with lime treatment Increases We con- 
ductivity. This suggests the possibility of controlling lime 
dosage using a conductivity sensor rather than pH sensor for 
operational rellablll^ reasons; however, the durability of the 
conductivity probe In this environment has not been tested. The 
pH control currently used has been a consistent problem because of 
pH probe fouling In the high solids environment. 

f. An apparent pH anomaly was noted during period A. While the pH 
was controlled at 11 In the flash mixer, the measured value In the 
aerator sump tank just ahead of recarbonatlon was approximately 7. 
In previous test periods these two pH values have been nearly the 
same. The noted difference remains unexplained. 

3. Ozonation : 

a. Ozonation results In a reduction in few of the measured parame- 

ters. (Presented here are the complete data collected during the 
test period. There were times during this period when the ozon- 
ator was not operating because of equipment failure. These 

periods are known, and an analysis could be performed to quantify 
the effect of ozonation by comparing ozonator operating data with 
ozonator nonoperating data. Because of time constraints, that 
analysis has not been done.) 

b. The increase in turbidity after ozonation appears to be an 
anomaly. This Increase may result from entrained gases In the 
effluent sample. If so, they are very fine particles since they 
are not visible to the naked eye. 

It may be assumed that turbidity is not a reliable measure of the 
presence of suspended solids wherever entrained gases are intro- 
duced into the process stream. Sample points 2, 3b, 5, and 6 may 
thus be the only reliable points for measuring suspended solids by 
turbidity since gases may essentially be r^ oved in the preceding 
process; I.e., clarification or filtration. 
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If the ozonation effluent data are ignored. Figure 43 shows that 
much of the work of removing particulate matter, at least that 
which reflects light at 25 degrees, is done in the first filtra- 
tion and not in the GAC as the data may seem to indicate. The 
plant's experience with persistent flccculant carryover from the 
clarifier with the accompanying calcium carbonate deposits on 
downstream equipment may support this interpretation of the data; 
e.g., there is no significant decrease in turbidity (suspended 
solids) before the initial filtration and the decrease in organic 
material (TOC and Biomass) in the chemical clarification is offset 
by an increase in calcium carbonate precipitant. 

4. Mixed Media Filtration : 

a. Biological growth in the first filtration step results in an 
increase in biomass in downstream processes. 

b. The first filtration step provides the largest portion of the 
plant's turbidity removal. As discussed previously, this removal 
is largely floe carryover from chemical clarification. 

c. The addition of dual-media filtration in the secondary plant 
(period A) reduced the amount of solids in the reclamation 
influent and thus substantially increased the time periods between 
backwashes in the reclamation plant filters. 

5. Granular Activated Carbon : 

a. A reduced level of many contaminants is characteristic of water 
orocessed by GAC, when its useful life is not exceeded. The 
virgin carbon used during period H resulted in a pronounced reduc- 
tion in most organic materials. The exhausted carbon in the 
system during period A was saturated resulting in an increased 
rather than a decreased concentration for many of the measured 
trace organics. 

b. All halocarbons are reduced in new GAC except methylene chloride, 
which is produced. In contrast, methylene chloride was removed by 
exhausted carbon during period A. 

c. Most halocarbon concentrations were increased by GAC processing in 
period A because the carbon had been previously saturated at 
levels higher than the period A influent levels. 

d. It is common to find biomass elution from GAC especially under 
favorable growth conditions; i.e., high dissolved oxygen, pH < 11, 
no ozone. Some growth v«s apparent during period H. Promoting 
biological growth in the GAC may extend its useful life (reference 
4 ). 

e. Most of the plant's ammonia removal occurs in the GAC probably by 
biological activity; i.e., by nitrification. 
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f. Mean TOC removal varied from 7,7 mg/1 (O/I of 0.29) for new carbon 
1n period H to 2.6 mg/1 (O/I of 0.60) for exhausted carbon In 
period A. The TOC removal In period A Is attributed to biological 
activity. In the adsorption operating mode, new GAC may be more 
accurately ch .racterl zed as a constant TOC quantity removal 
process rather than as a percentage removal process (note the 
negative slope In Figure 42 , period H, sample source 5). A 
different performance characteristic Is obtain^ In the biological 
mode of period A, 

g. Stanford University's Civil Engineering Department has conducted a 

test program to characterize activated carbon performance with 
operating age (reference 5). Composite samples were continuously 
collected for a period of 7 months (test period C) with the SCVWO- 
WRF/PA operating with three parallel carbon columns: The first 

containing virgin carbon, the second containing regenerated car- 
bon, and the third containing exhausted carbon. Composite samples 
of the Influent and the effluent of each colunn were periodically 
analyzed (usually once a week) for various organic compounds to 
determine the change In carbon removal performance with time. 
These data are presented In Appendix E. 

Included with the Stanford data In Appendix E are comparable WMS 
measurements made during the same time period. However, the WMS 
data were taken at a point after mixing of the effluent of the 
three columns. Thus, an average of the Stanford effluent data was 
computed to provide a data comparison which should be valid 
assuming equal flow through each of the three columns and good 
mixing ahead of the sampling point. 

A least-squares fit of the Stanford data for two of the measure- 
ments, TOC and chloroform. Is shown In Figure 60, where perform- 
ance Is plotted as a function of age. 

The data for chloroform Indicate an effective opera «,1ng life of 77 
days with an adsorption capacity of 0.066 mg/gn carbon at 13.8 
g/1 . This value Is cor ' tent with previous test results with 
virgin carbon (reference 4). As Indicated by the data In Appendix 
E, the GAC performance for chloroform Is typical of the other 
volatile organics. 

The Stanford data for TX Indicate an effective operating life 
approaching 179 days Indicating an adsorption capacity of 63.2 mg 
TX/gm carbon at 8.5 mg/1. However, at about 130 days, a dis- 
continuity In the data Indicates that action of biological growth 
on the carbon reached an equilibrium for the remainder of the test 
period with a TX removal of about 56X gms/day (0.28 mg TOC/^n 
carbon/day) . 
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Better TOC removal by biologic*! activity has been measured during 
previous test periods. During test periods F and G where the 
aerators were operating and the ozonator was not operating, over 
50% better TX removal performance In the GAC was Indicated 
(reference 4). These results suggest that conditioning the Influ- 
ent to the GAC can have a significant Influence on TOC removal 
performance and, thus, on carbon regeneration costs. These costs 
are discussed In a later paragraph. 

Plant/Process rail ability 

Plant and process availability (percent of time the plant/process operates 
on demand) was monitored during ^ test period. The (^Jectlve of operating 
the plant continuously for the 8-month (5832-hour) test period was met except 
for 69 hours when plant Influent was unavailable, and when plant ec^ilpment 
failed. The operating time and downtime- for- repair periods for each of the 
processes are swimarlzed In Table 23 . Equipment failures experienced during 
the 8-month test period resulted In an estimated 20 days annually when the 
plant would be unable to deliver product; I.e., reclaimed water. 

Included In this analysis Is consideration of product storage capacity. 
Plant shutdowns of less than 8 hours were not recorded as plant downtime since 
reclaimed water could be delivered at the operating flow of 0.066 m /sec. for 
up to 8 hours from the 1893 m'^ effluent storage tank. 

The Individual processes did not have the capability to continue process 
operations when equipment failed because there was negligible Intermediate 
storage. Therefore, the downtimes recorded for each of the processes are 
actual repair times. However, In many cases equipment failures did not result 
In plant shutdown because the capability to bypass nonoperating processes was 
afforded by plant design flexlblll^. 

The problems necessitating process equipment repair are outlined In 
Appendix C. There were three predominant problems: 

1. Calcium carbonate encrustations on equipment causing pump malfunctions 
and scale bulldr? on the Inside walls of piping, thereby reducing flow 
capacity. 

2. Plumbing failures within the ozonator. 

3. Carbon furnace equipment component failures. Carbon was regenerated 
from the unused tower during the test period. The operator efforts 
required to do this were quite Intensive. After complete regeneration 
of this tower. It was decided to cease any further regeneration. This 
decision was based on labor requirements and the fact that Stanford 
University's research Involved long-term sorption characteristics of 
activated carbon without regeneration. 

The Increased labor was (hie primarily to carbon furnace failures which 
Included Jamalng of 1) the dewatering screw, 2) the horizontal feed 
screw, 3) the carbon drop chute, 4) the outlet at the base of the 
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TABLE 23 
AVAILABILITY OF 
PALO ALTO RECLAMATION FACILITY 
JULY 1. 1980 THROUGH FEBRUARY 28. 1981 



OPERATING 
TIME. HR. 

OOWNTirC. 

HR. 

AVAILABILITY. 

% 

ESTIMATED 
YEARLY DOWNTIME 
DAYS 

CHEMICAL 

CLARIFICATION 

4.993 

654 

88.4 

43 

RECARBONATION 

4.825 

91 

98.1 

7 

OZONATION 

4.160 

1.217 

77.4 

83 

MULTIMEDIA 

FILTRATION 

5,324 

0 

100.0 

0 

CARBON 

SORPTION i/ 

5.324 

0 

100.0 

0 

CHLORINATION 

5.324 

0 

100.0 

0 

COMPUTER 

5,324 

81 

98.5 

6 

PLANT 

(PRODUCT DELIVERY) 

5.455 

308 

94.7 

20 


NOTE ; 

1. CARBON REGENERATION FURNACE WAS NOT OPERATED DURING THE TEST PERIOD. 
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carbon furnace as It enters the quench tank, and 5) the bottom of the 
spent carbon storage tank during carbon transfer. Also, the burner 
temperature control sensors malfunctioned quite frequently which 
resulted In Improper temperatures within each hearth of the multiple 
hearth furnace. The operators spent consit'erable time unJamming the 
previously mentioned problem areas, and the operation required close 
attention during the regeneration process. Miscellaneous breakdowns 
Included boiler breakdown, I.D. fan failures, and clogging at the 
outlet of the quench tank which added to the problems. This necessl- 
ta^ the discontinuance of further attempts to regenerate carbon. 

Plant Rellablll^ 

Figure 61 Illustrates the method of determining plant reliability. The 
data distribution curve. Figures 40 to 59, at the MCL establishes the prob- 
ability (reliability) that plant effluent will not exceed the MCL. 

Plant reliability (percent of operating time that the plant effluent was 
within given limits) Is summarized In Table 24. Some of these limits are Illus- 
trative only In that they are not discharge limits on this particular plant but 
are potential limits should the plant effluent be used for potable or 
Irrigation purposes. 

Plant 0AM Costs 


The OSM costs of the plant during the 8-month test period are presented In 
Table 25. Extrapolation of these data gives a projected annual plant produc- 
tion cost of $311,400. Water production costs were $0.16 per 1000 liters. 

The distribution of costs as determined from the totals shown In Table 18, 
Including all categories, may be summarized as follows: 

Labor Materials 


Operations 49.4% 25.5% 


Total 

74.9% 


Maintenance 


22.5% 2.6% 25.1% 


Total 


71.9% 28.1% 100.0% 


The labor costs shown under the subheading General Plant Operations In- 
clude preventative maintenance on all equipment contained within the reclama- 
tion facility. It also Includes maintenance that require less than 4 hours of 
effort. Operator process monitoring, filter backwashing, plant rounds keeping, 
and miscellaneous water quality testing are Included In this category. Plant 
operators' , electricians', and mechan s' labor constitutes the majority of the 
cost In this category. This subheao.ig Is to cover those undefinable labor 
costs that could not be allocated specifically to a unit process. 
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ASSUMbS COO/TOC RATIO OF 2.S. 

BASED ON AMONIA Oft NITRATE CONCENTRATION. 


TABLE 25 

OPERATIONS & MAINTENANCE COSTS OF 
PALO ALTO RECLAMATION FACILITY 
JULY 1, 1980 THROUGH FEBRUARY 20, 1981 

i/ 


CHEMICAL CLARIFICATION 
LIME 
LABOR 

RECARBONATION 

LABOR 

OZONATION 

LABOR 

MULTIMEDIA FILTERS 

CARBON ADSORPTION 

CHLORINATION 

CHLORINE 


COMPUTER 


LABOR 


ADMINISTRATION 

OPERATIONS MAINTENANCE LAB I ENGINEERING TOTALS 


$19,290 


$13,600 

650 

3,960 


13,770 


TOTALS 


ELECTRIC 

30,650 

m 

- 

- 

SAS 

2,360 

- 

m 

• 

MATERIALS & SUPPLIES 

m 

5,440 

- 

m 

LABOR 

64.B7U 

m 

23,110 

29,310 


$117,750 

$37,420 

$23,110 

$29,310 


$32,890 

650 

3,960 


580 

13,770 

155,740 


TOTAL HATER COST «= $0.16 PER M^ ($0.60 PER 1000 6W., 
PROJECTED YEARLY 0 6 M COST « $311.400 


ORiG?r%AL PAGE IS 
« i PCOn QUALITY 


NOTES 


1. LABOR COST OF $37/HR. FDR ENGINEERING; $27/»l. FDR ALL OTHERS. < 

2. CARBON HAS NOT REGENERATED DURING THE TEST PERIOD. 

3. nCLUDES PREVENnVE MAINTENANCE AND MINOR MAINTENANCE REQUIRING LESS 
THAN POUR HOURS LABOR. 

>THE COSTS REPORTED HERE MAT BE UNIQUE TO THE EQUIPMENT 6 SYSTEM DESIGN 
OF THIS PARTICULAR FACILITY. CARE MUST BE EXERCISED IN EXTRAPOLATING 
THESE COSTS TO OTHER SYSTEM DESIGNS OR DIFFERENT PLANT CAPACIHES. 









These costs did not Include carbon replacement/ regeneration since 
exhausted carbon was used throughout the test period. If carbon had been 
regenerated, the costs could have Increasend significantly. 

Figure 62 Illustrates potential water cost based on a $0,227 per kilogram 
carbon regeneration cost and a TOC effluent upper limit of 4 mg/1. The figure 
shows the strong cost dependence on Influent conditions and performance relia- 
bility. For example, the water production cost presented above ($0.16 per 1000 
liters) would about double for plant Influent conditions of test period A, If 
99 percent reliability were achieved. For the lower quality Influent of test 
period H, the production cost could have more than doubled. 

It should be noted that a significant but unconfirmed assumption was made 
In developing Figure 62 ; I.e., the performance achieved by continuously regen- 
erated carbon, based on average carbon age existing In the column, will be the 
same as that obtained when the column contains all carbon of the same age. 
This assumption allows the carbon performance of Figure 60 to be used In com- 
puting continuous regeneration rates. The linear decay In performance seems to 
substantiate the assumption; however, the resulting computed costs should be 
considered approximate until actual tests confirm the postulated perfonnance. 

The sudden tall -off of the cost curve for period A occurs at about 50% 
reliability below which steady-state biological growth on the carbon maintains 
performance without the racessity of carbon regeneration. 

It Is significant to note that If over 50% reliability Is to be main- 
tained, costs will be Incurred which will significantly Increase the cost of 
water production. 
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BASIS 


COD LIMIT OF 10 mg/1. COD/TOC RATIO OF 2.5. 

INFLUENT CONCENTRATIONS OF FIUURE 20 . 

PERFORMANCE WITH CONTINUOUS CARBON REGENERATION IS 
THE SAME AS THAT SHOWN IN FIGURE 60 BASED ON AVERAGE 
CARBON AGE. 

CARBON REGENERATION COST OF $0,227 PER KILOGRAM. 


RELIABILITY 


Figure 62 Rmlatlonshlp Bctw««n Cost ( Rsliabiltty for Complying 
With COD Oischargs Limit by Granular Activated 
Carbon Raganaratkm 


SECTION 4 


FUTURE APPLICATIONS 


A primary responsibility of tt»e Santa Clara Valley Water District Is to 
Insure an adequate quantity and quality of water supplies for Santa Clar? 
County, California. The existing needs are met from local and Imported sup- 
plies. Local supplies are from the natural yields of the County's three Inter- 
connected subbasins and ttie yields of the major tributary surface drainage 
areas Into District reservoirs. Water Is Imported Into Santa Clara County from 
the South Bay Aqueduct of the California State Water Project. In addition, 
water Is Imported through the City of San Francisco's Hetch-Hetchy Aqueduct by 
various cities In North Santa Clara Valley. Imported water Is needed In Santa 
Clara County even during an average rainfall year, and a new Importation supply 
from the Bureau of Reclamation San Felipe Division of the Central Valley 
Project Is being constructed to fill this need. 

The Santa Clara Valley Water District Is committed to developing alterna- 
tive supplies Including reclaimed water. There are, however, barriers to reuse 
- principally economic and assurance of safety (I.e., water quality). The Palo 
Alto Reclamation Plant and the NASA WMS have been crucial projects for explor- 
ing these barriers. 

Early In the Palo Alto Reclamation Project, the Santa Clara Valley Watnr 
District concluded that on-line water quality analysis vmuld be essential to 
the successful marketing of high quality reclaimed water, and contacted NASA 
for their help and expertise In this area. 

It was felt that even though there are wet chemistry analyses available 
for determination of water quality, these tests would be unacceptable because 
It often takes days before the results are obtained, long after the water would 
have been reused. 

With the WMS, the effluent quality can be monitored on a real-time basis. 
If for any reason the effluent quality deteriorates, then the effluent ce’> be 
diverted to waste. The WMS also was helpful 1n evaluating reclamation unit 
processes by monitoring quality improvement In epch unit process. This per- 
mitted evaluation of the effectiveness of each treatment process and unit 
process economics- Results from the experiment Indicate that such monitoring 
of treatment plant effluents on a continuous basis can better enable treatment 
plant operators to achieve optimal performance from each unit process. 
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The long term future applications of automated water quality monitoring 
appears bright but its immediate future is not well defined. Several factors 
need clarification, such as, the legal aspects of "product liability" of re- 
claimed water, and current EPA and DOH monitoring requirements for potable and 
wastewater. Since the demand fbr potable water is continuing to Increase and 
the sources of pristine water are not Increasing, It appears certiiln that 
wastewater will have to be reused. If water Is to be reused. It Is Important 
that Its quality be assured on a continuous basis. Automation Is the only 
economically feasible (see cost comparison In Table 26) means of meeting such a 
need. The use of continuous monitoring data from the UMS as control functions 
for the treatment plant process control computer can result In a closed loop 
control of the wastewater reclamation plant resulting In reduced chemical and 
power usage In the various treatment processes. These benefits will be 

optimized by the use of closed loop control. Estimated costs of a comparable 
number of analyses by ^Ical laboratory techniques are shown. These estimates 
are based on the results of a telephone survey conducted by the Santa Clara 
Valley Water District. 


TABLE 26 

ESTIMATED COSTS AND SAVINGS 
FOR AUTOMATED INSTRUMENTATION 

LAB WMS 


CAPITAL COSTS, S 


SENSORS/ SUPPORT EQUIPMENT SAME 


AUTOMATION $150,000 

(COMPUTER, PUMPS, VALVES, ETC) . 


OAM COSTS (ANALYSIS AND REPORTING) , 

vm- 

1 SAMPLE/DAY $800 $260 

(BASED ON 30 MAN-HOURS FOR 
22 UB ANALYSES 0 $27/M-H.) 


6 SAMPLES/DAY $2,000 $260 

(BASED ON 75 MAN-HOURS FOR 
22 LAB ANALYSES 0 $27/M-H.) 

MINIMUM CAPITAL PAYOUT TIME FOR 
AUTOMATION, 

1 SAMPLE/OAY 278 DAYS 


6 SAMPLES/DAY 


86 DAYS 
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APPENDIX A 


PROCESS INPOT/OUTPUT CHARACTERISTICS 
FOR PART I OF THE TEST PERIOD 
JANUARY 1978 TO SEPTEMBER 1979 


APPENDIX A 


PROCESS INPUT/OUTPUT CHARACTERISTICS 


Two points shoild be noted In evaluating the enclosed data, both of 
which probably contributed to data scatter: 

1. Each point represents a dally average of 4 measurements of both 
the process Input and output taken at regular 6 hour Intervals. 

No compensation has been made for hydraulic lag. The lag would 
have negligible effect on certain processes such as the carbon 
towers where detention time Is 34 minutes; however, data relating 
plant Input to output can have significant error during an In- 
fluent change since the average detention time Is 9-10 hours and 
up to 24 hours Is required to fully respond to a step change. 

No attempt was made to edit data which occurred during upsets. 

2. A faulty flocculation process control sensor resulted In pH below 
the set-point. Subsequent analysis of. plant operating records 
Indicate that the data Identified herein at pH 9.5 should be con- 
sidered In the range 9 to 9.5 and data Identified as pH 11 should 
be considered In the range of 10 to 11. 


PROCESS CONFIGURATION SYMBOLS 


BIOLOGICAL SECONDARY (ACTIVATED SLUDGE)/CHLORINATION 

FLOCCUUTION (pH 9.5)/Aff«NIA STRIPPIN6/RECARB0NATI0N/ 
FILTRATION/OZONATION/CARBON ADSORPTION (UNITS 3 & 4)/ 
FILTRATION/CHLORINATION - FLOW 1 MGD 

SA« AS O WITHOUT AMMONIA STRIPPING (AERATION) 

SAME AS O WITH pH 11 

SAME AS • WITHOUT OZONATION 

SAME AS • WITHOUT FILTRATION/OZONATION 

FILTRATION/OZONATION/CARBON ADSORPTION (UNIT 2)/ 
FILTRATION/CHLORINATION - FLOW 0.5 MGD 


SAME AS A WITHOUT OZONATION 



1-riev : 






CARBON ADSORPTION 


NOMINAL REMOVAL - I - 5.61 ^*^ug/LIT 



HLTRATION/CHLORINATION 



TOTAL HALOCARBONS IN 
ug/LIT 


A- 7 




TOTAL HALOCARBONS OUT 
V0/LIT 


^ FILTRATION/CARBON ADSORPTION/FILTRATION 


NGNINAL REMOVAL - I -5,6(0.401)°*® wg/LIT 



!■ II Wp|jBPtllll4^,l^f[lll I I - , , |||IHjg^ I y II II I 

\ 

^ FLOCCUUTIOK/FILTRATION/CARBON ADSORPTION/FILTRATION 


I NOTE: PERFORMANCE CURVES SHOWN ARE SUMMATION OF 

NOMINAL UNIT PROCESS* PERFORMANCE 

1. REMOVAL WITHOUT AMMONIA STRIPPING 

-I - 5,6(0.41) 0,5 wg/LIT 

2, REMOVAL WITH AMONIA STRIPPING 

- I -5,6(0,21) 0-5 yg/LiT 



TOTAL HAL0CAR30NS IN 
MS/tIT 


A-9 


TOTAL HALOCARBONS OUT 
M9/UIT 


RECLAMATION FACILITY 


f 


NOTE: PERFORMANCE CURVES SHOWN ARE SUMMATION OF NOMINAL 
* UNIT PROCESS* PERFORMANCE. 

1. NOMINAL REMOVAL WITH FLOCCULATION A AMMONIA STRIPPING 
■ -I - 5..6(0.19I) 0-5ug/LIT 

i 2. NOMINAL REMOVAL WITHOUT FLOCCUUTION OR WITH FLOCCULATION 

^ WITHOUT AMMONIA STRIPPING • ) - 5.6 (0.401) 



ACTIVATPn SLUnfiP/rHLOl 


II ;l 




TOC OUT 
M6/LIT 




TOC 

m/ 


A-li 


FLOCCULATION/AMMONIA STRIPPING 


1. 5.5 NG/LIT REMOVAL 9 pH 11 WITH AMMONIA STRIPPING 

2. 3.0 NG/LIT REMOVAL 9 pH 9.5 WITH AMMONIA STRIPPING 

3. 1.5 MG/LIT REMOVAL 9 pH 9.5 WITHOUT AMMONIA STRIPPING 


20 


15 


TOC OUT 




6 


TOC OUT 
M6/L1T 



0 2 4 6 8 


TOC IN 
M6/L1T 


J 


A-15 


FILTRATION/CARBON ADSORPTION/FILTRATION 
NOHINAL REMOVAL - I - [(0.851-6)0.85 


/ 



TOC IN 
MG/LIT 


0:*'" PAGe IS 

U QUALITY 



FLOCCUUTION/FILTRATION/CARBON ADSORPTION/FILTRATION 


NOTE: PERFORMANCE CURVES SHOWN ARE SUtWATION OF NOMINAL UNIT 
PROCESS' PERFORMANCE. 


1. NOMINAL REMOVAL • pH 11 WITH AM10NIA STRIPPINO 

»I-(I-13.0) 0.8 M6/LIT 

2. NOMINAL REMOVAL • pH 9.5 WITH AMMONIA STRIPPIN6 

•I-{I-lp.5) 0,8 MS/LIT 

3. NOMINAL REMOVAL f pH 9.5 WITHOUT AMMONIA STRIPPING 

-I-(I-9.0) 0.8 MG/LIT 



0 


200 


lOQ 

TURBIOm IN 

m/iij 



A- 18 


I 






CARBON ADSORPTION 


£ 

a 

s 



TURBIDITY IN 
N6/LIT 


A-22 


PILTRATION/CHLORINATION 
REMOVAL - 1(1 M6/LIT 


8 


64 


/ 




/ 

/ 

/ 



TURBIDITY IN 
M8/LIT 


A-23 


FILTRATION/CARBON ADSORPTION/FILTRATION 

NOHINAL REMOVAL MG/LIT 

NOTE: PERFORMANCE CURVE SHOWN IS SUMMATION OF UNIT PROCESS 
PROCESS 'PERFORMANCE 



TURBIDITY 



FLOCCULATION/FILTRATION/CARBON ADSORPTION/FILTRATION 

NOTE: PERFORMANCE CURVES SHOWN ARE SUMMATION OF NOMINAL 
UNIT PROCESS^ PERFROMANCE. 

X. NOMINAL REMOVAL • 1(1 -.13e“^/20) 

2. NOMINAL REMOVAL WITHOUT AMMONIA STRIPPING - 1(1 -.15c MG/LIT 

3. NOMINAL REMOVAL WITHOUT FILTRATION/OZONATIOK - ifl -.23e‘^/®^) MG/LIT 



A-25 



FLOCCUUTION 


1. NOMINAL REMOVAL AT PH 11 - (1-1.0) MC/ML 

2. NOMINAL REMOVAL AT PH 9.5 - 8pS 


4 T 


3f 


TOTAL 

BIOMASS 


/ 

/ 

/ 


I 




FILTRATION/OZONATION 


1. NOMINAL REMOVAL - SOS 

2. NOMINAL REMOVAL WITHOUT 
OZONATION - 0 


TOTAL 

BIOMASS 





TOTAL 

BIOMASS 

OUT 

MC/ML 



FILTRATION/CHLORI.VTION 


NOMINAL REMOVAL •1(1-# 


2t 


TOTAL 

BIOMASS 

our 

mm. 







A-30 


FLOCCULATION 


1. NOMINAL REMOVAL • 88X. , WITHOUT AMMONIA STRIPPING 

2. NOMINAL REMOVAL - (1-0.2) MC/ML KITH AMMONIA STRIPPING 


2 T 


VIABLE 
BIOMASS - 


/ 

/ 

/ 

/ 

/ 

/ 

/ 




2 


.4 


.6 


8 


VIABLE BIOMASS IN 
MC/ML 


A- 33 




FILTERATION/CHLORINATION 


NOHINAL REMOVAL -0 


.8 


VIABLE 

BIOMASS 

OUT 

MC/ML 


♦ 





/ 

/ 


. 2 ^ 


f 

I 




APPENDIX B 


MONTHLY AVERAGES FOR PART I OF THE TEST PERIOD 
JANUARY 1978 TO SEPTEMBER 1979 


APRIL AVERAGES 



33IAIK JO JiW OOIVIIJV 










SlIUB JO UW MUMW 























OISSOLVCO N6/LIT 

OXYGEN 
























AVERAGES 





























in/w 



ITT 
























RECLAMATION PLANT INFLUENT CHARACTERISTICS 
AVERAGE MONTHLY VALUES 



RECLAMATION PLANT PERFORMANCE SUMMARY 
AVERAGE MONTHLY VALUES ± lo 
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liH 


PALO ALTO REGIONAL WATER QUALITY CONTROL FACILITY LABORATORY MEASUREMENTS FROM 24 HOUR COMPOSITE SAMPLES. 


reclamation plant performance summary 
AVERAGE MONTHLY VALUES + la 
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On.’Gir.AL PAGE IS 
OF POOR QUALITY 


LABOMTORY ICASURtWNTS FRW HOV* COWOSITE SANPVES. 


APPENDIX C 


MATH MODEL 
OF 

SOLIDS & NON-VOLATILE ORGANICS 
IN EFFLUENT FROM 


ACTIVATED SLUDGE PROCESS 



WASTEWATti 


EQUATIONS FOR CALCULATING SOLIDS AND ORGANICS CONCENTRATIONS 
IN EFFLUENT FROM ACTIVATED SLUDGE PROCESS 


HOURLY CHANGE IN RETURN SOLIDS 


- V. 


'R 


1 


R/24- 


HOURLY CHANGE IN AERATOR SOLIDS WITH HOURLY FLOW VARIATION 

■yq(s^-s^) + 




"y 


irnj: 


. j [. . ;(?)] 


SOLIDS IN CLARIFIER EFFLUENT 

Xc - r 

WHERE, DETENTION TIME. 

FOR PLUG FLOW 

-c- 7.-^ 

T' 4 ‘1 - «w) 

FOR MIXED FLOW 
FOR At REPUCE V^ WITH V^ IN ABOVE EQUATION 

c w 6 

HOURLY CHANGE IN EFFLUENT TOC WITH HOURLY LOAD VARIATION 





SOLIDS IN FINAL EFFLUENT 


X^Ke 

c 


C-2 


WHERE THE FOLLOWING VALUES APPLY TO THE PALO ALTO REGIONAL WATER QUALITY 
CONTROL PLANT 

V, » 7.2 MGAL 

- 4.3 MGAL 
Vg » 0.738 MGAL 
Q - 15 MGD 

K 

- 1.64 MGD 

T^ « 45,700 X 10® MG 
S^-S^ - 50 TO 100 mg/LIT, TOC 
Q » 15 TO 50 MGD 

Y -0.6 MG/MG BOD (REFERENCE 17) 0.6 MG/MG TOC 


C-3 


APPENDIX D 


STATISTICAL ANALYSIS COEFFICIENTS 
FOR TEST PART II 


i 


I 










APPENDIX D 


STATISTICAL ANALYSIS COEFFICIENTS 
FOR TEST PART 1 1 


This section contains the results of statistical analyses oi the WMS data. 
Included are (1) the slope, intercept, and chi square for the lognormal data 
distribution model, and (2) slope, intercept, and correlation coefficients for 
process output as a function of input for linear, parabolic, and logarithmic 
regression models. 


PAGE 

Test Period A 

GC Data D~2 

Other Data D-13 

Test Period H 

GC Data D-24 

Other Data D-34 

Test Period A 

Plant Parameters D-44 
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LOG-NORMAL DISTRIRUTIONt 9CP 3» 1900 TO SCR 30» 1980 


I 

I 


SAMPLE 

MONTHLY 

ONE 

L06{Y)«F(2) 


CHI 

sample 

SOURCE 

AVERAGE 

SIGMA 

SLOPE 


INTERCEPT 


SQUARE 

SIZE 

tetrachloroethylenc 








1 

3«5 

2.0 

0.2879E 

0 

0.A924C 

0 

27.0000 

18 

2 

3^2 

2.2 

0.3207E 

0 

0.440SE 

0 

8,1429 

14 

3 

R.9 

0,8 

0.7044E 

-1 

0.88A4E 

0 

2.3333 

8 

4 

3,8 

2.0 

0.2918E 

0 

0.S285E 

0 

9,5714 

14 

8 

3,7 

2.0 

0.2887E 

0 

0.5Q82E 

0 

5.2857 

14 

8 

3.3 

2,1 

0,2946E 

0 

0.4625E 

0 

8.2353 

17 

methylene 

CHLQRXOE 




. 




1 

21.8 

17.8 

0.3234E 

0 

0.1224E 

1 

2,5558 

IS 

2 

10.7 

8.3 

0.2496E 

0 

0.9829E 

0 

1.0000 

14 

3 

18.5 

8,8 

0.2839E 

0 

0.I211E 

1 

4.0000 

8 

4 

10.7 

8,5 

0.2335E 

0 

0.1118E 

1 

4,5714 

14 

5 

12.8 

8.8 

0.320SE 

0 

O.IOOIE 

1 

1,0000 

14 

8 

11.7 

8.3 

0.2718E 

0 

0.9995E 

0 

0,9412 

17 

CHLOROFORM 








1 

12.0 

3,8 

0.1239E 

0 

O.lOiiiE 

1 

0,8889 

18 

2 

22.5 

18.2 

0.2828E 

0 

0.1263E 

1 

8.1429 

14 

3 

13.3 

4.2 

0.1183E 

0 

O.lllAE 

1 

5,8887 

8 

4 

18.2 

n,i 

0.2413E 

0 

0.1137E 

1 

8,1429 

14 

5 

21. C 

8,8 

0.13A4E 

0 

0.1303E 

1 

8,7143 

14 

8 

2*. 2 

7,5 

0.1345E 

0 

0.1384E 

1 

2.7059 

17 

1 M » 1-TRICHLOROETHANE 








1 

1.8 

0,9 

0.2030E 

0 

0.I774E 

0 

8.1111 

18 

2 

0.8 

0.3 

0.5888E 

-1 

0.2S41E -1 

24.5714 

14 

3 

0.5 

0.0 

O.OOOOE 

0 

O.OOOOE 

0 

24,0000 

8 

4 

0.4 

0.1 

O.OOOOE 

0 

O.OOOOE 

0 

58.0000 

14 

5 

3.2 

1.0 

0.18A4E 

0 

0.4833E 

0 

15,2857 

14 

8 

3,5 

0,9 

0.1208E 

0 

0.5298E 

0 

15.8471 

17 

BROMOO I CHLOROHE THANE 








1 

15,3 

8,8 

0.2251E 

0 

0.1I37C 

1 

5,8889 

18 

2 

24,4 

14.2 

0.2335E 

0 

0.1328E 

1 

8.8571 

14 

3 

10,4 

8.3 

0.133FE 

0 

0.1289E 

1 

0.8887 

8 

4 

21.1 

9,0 

0.1844E 

0 

0.1294E 

1 

3.8571 

14 

5 

20.2 

5,3 

0.1505E 

0 

0.1285E 

1 

3.1429 

14 

8 

20.1 

7,0 

0.2387E 

0 

0il280E 

1 

17.4118 

17 


EOF., 
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•A. 


LOG-NORHAL DtSTRlBUTIONl SCP 3* 1980 TO SEP 3S, 19S0 


sample 

MONTHLY 

ONE 

LOG(Y)iF(Z) 


CHI 

sample 

SOURCE 

AVERAGE 

SIGMA 

SLOPE 


INTERCEPT 

SQUARE 

SIZE 

trichloroethylene 








1 

1.7 

0.9 

0,1930E 

0 

0,1833E 

0 

3,1111 

18 

2 

1.0 

0.3 

0,7301E 

-1 

0,4955E 

• 1 

6,0000 

14 

3 

0,9 

0.3 

0,6S59E 

-1 

0,3128E 

• 1 

4,0000 

6 

« 

0.7 

0.2 

0.1534E 

-1 

0,6028E 

'■2 

38,8571 

14 

5 

1.7 

0,3 

0.76A9E 

-1 

0,2226E 

0 

2,4284 

14 

6 

l.B 

0.3 

0,6430R 

-1 

0,2621C 

0 

1,5294 

17 

OIBROMOCHLOROHETNANE 








i 

B.9 

5.3 

0.2952F 

0 

0.8i)86E 

0 

1,4444 

18 

2 

13.4 ^ 

7,6 

0.2366E 

0 

0.1067E 

1 

6,7143 

14 

3 

10.3 

5,5 

0.2121E 

0 

0.964i2E 

0 

0,6667 

6 

« 

13.7 

7.3 

0,2413E 

0 

0.1078E 

1 

0,2857 

14 

5 

9.3 

2.3 

0,1063E 

0 

0.9550E 

0 

4,5714 

14 

* 

13.4 

3.9 

0,1348C 

0 

0.1109E 

1 

4,4706 

17 

BROMOFORM 








4 

0.1 

0,3 

0,1S21E 

-1 

0.4065E 

•2 

46,7143 

14 

trihalometmanes 




* 




1 

30.3 

14,9 

0,1S80E 

0 

0.1524E 

1 

8,1111 

18 

2 

60.4 

37.7 

0,21T1E 

0 

0.1722E 

1 

8,8571 

14 

3 

43.0 

15,7 

0,142SE 

0 

0.1612E 

1 

0,6667 

6 

4 

51.1 

25,4 

0,19I2E 

0 

0.1667E 

1 

0,2857 

14 

5 

50.4 

11.1 

0,9698E 

-1 

0,I693E 

1 

4,5714 

14 

6 

57.8 

9,8 

0,759ftE 

-1 

0.1756E 

1 

3,2941 

17 

TOTAL 

HALOCARRONS 








1 

64. B 

18,9 

0.1326E 

0 

0.1793E 

1 

1,4444 

18 

2 

76.1 

34,3 

0,1625E 

0 

0,18S0E 

1 

3,1429 

14 

3 

67.9 

18,1 

0,1168E 

0 

0.1819E 

1 

2,3333 

6 

4 

70.7 

23,8 

0,1335E 

0 

0.1829E 

1 

1 .7143 

14 

5 

71.6 

9,7 

0,594RE 

-1 

0.1R51E 

1 

0.2857 

14 

6 

7B.2 

11.3 

0,6472E 

•1 

0.1889E 

1 

1.5294 

17 


EOP,, 
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CAS CHROMATOGRAPH REGRESS ICV' MMLYSIS FOR SEP 3. Is88 TO SEP 36. 1S66 
PROM SATVLE SOURCE 1 TO SAm.E SOURCE 2 


LINEAR CURVE FIT RESULTS (Y-A6 <«• A1«X) 


CAL 

COnPOUND 

AO 

A1 

STANDARD 

CORR. 

SATFLE 

NO. 




ERROR 

COEFF. 

SIZE 

1. 

TETRACHLOROETHTLENE 

-8.88S3 

1.8276 

8.7142 

0.9211 

14 

2. 

rCTKVLENE CHLORIDE 

7.303S 

8.1985 

5.5127 

8.3482 

16 

3. 

CARBON TETRACM.WIDE 

8.8886 

8.8888 

8.0666 

8.0080 

0 

4. 

1 . 2-D ICHLOROCTHYLENE 

8.6880 

8.8888 

6.8060 

8.8000 

0 

S. 

CHLOROFORtl 

-18.S812 

2.5546 

14.2211 

8.5685 

16 

s . 

1 . 1 . 1>TR ICHLOROETHANE 

8.S719 

0.1755 

0.2882 

8.5256 

16 

7. 

BROnOO ICHLOROrCTHANE 

11.8713 

8.7395 

12.1173 

0.4427 

16 

6 . 

TRICHLOROETHYLENE 

8. 5483 

8.3087 

8. 1931 

8.8226 

16 

S. 

D IBROnOCHLOROrCTHANE 

8.8894 

6.5119 

6.4298 

6.4864 

16 

18. 

BROrOFORD 

8.8472 

-8.1846 

8.8649 

6.9733 

6 

11. 

TRIKALOMETHANES 

24.5238 

8.E778 

32.3069 

6.4482 

16 

12. 

total HALOCARBONS 

84. 1689 

6.1626 

31.4483 

8.3389 

16 

PARABOLIC CURVE FIT RESULTS 

(Y-A8 * At«0< * A2i«e(DK2) 




CAL 

corrouND 

A8 

A1 

A2 

STANDARD 

CORR. 

NO. 





ERROR 

COEFF. 

1. 

TETRACHLOROETHTLENE 

-8.2633 

1.3493 

-8.8575 

8.7826 

0.9237 

2. 

rCTHYLENE CMJIRIDE 

4.1567 

8.6159 

-6.8898 

5.3975 

0.3978 

3. 

CARBON TETRACHLORIDE 

8.8888 

8.8888 « 

8.8080 

8.6080 

0.8088 

4. 

1 .2-D ICHLOROETHYLENE 

8.8668 

0.8808 

8.0008 

0.8080 

8.8086 

S. 

CHLOROFORM 

36.3777 

-4.4606 

8.2424 

13.75S1 

8.6057 

6 . 

1 . 1 . 1-TR ICHLOROETHANE 

6.8884 

8.9866 

-8.2117 

8.2582 

6.6583 

7. 

BROMOD ICHLORa'CTHANE 

48.5544 

-4.0778 

8.1379 

11.4388 

0.5326 

8 . 

TRICHLOROETHYLENE 

8.3153 

8.5797 

-8.8636 

8.1877 

0.8327 

9. 

D IBROMOCHLOR07ETHANE 

23.6442 

-2.4789 

8.1191 

6.8244 

0.5742 

18. 

BROMOFORM 

8.8494 

-8.2153 

8.4531 

6.8648 

0.9733 

11. 

TRIHALOrCTHA^CS 

264.9743 

-6.4732 

8.1088 

29.6396 

0.5751 

12. 

TOTAL HALOCARBONS 

187.1273 

-4.3741 

8.8383 

38.6693 

0.3912 


LOCARITHniC ClANC FIT RESULTS (L0GCY3-A6 4A1«L0CCX3) 


CAL 

COrFOUHD 

AB 

A1 

SfANDARD 

CORR. 

NO. 




ERROR 

COEFF. 

1. 

TETRACHLOROETHYLENE 

-8.1553 

1.2278 

8.2923 

8.8595 

2. 

rCTHYLElC CHLORIDE 

8.4414 

8.4626 

8.2813 

8.5637 

3. 

CARBON TETRACHLORIDE 

8.8880 

8.8000 

8.8880 

8.8888 

4 . 

1 . 2-D ICW.OROETHYLENE 

8.8880 

8.8800 

8. 0808 

e.omo 

5. 

CHLOROFORM 

-0.1944 

1.3306 

8.1928 

8.7549 

6. 

M . 1-TR ICHLOROETHANE 

-8.1588 

8.3881 

6.1234 

8.6645 

7. 

BROMOD ICHLOROrCTHANE 

0.5598 

9.6483 

8.1850 

0.6556 

8 . 

TRICHLOROETHYLENE 

-0.0852 

8.5217 

8.0759 

8.8320 

9. 

D IBROMKHLOROrETHANE 

8.6165 

8.4728 

8.1934 

8.6376 

18. 

BROMOFORM 

-1.5453 

8.2502 

- 8.7448 

6.8875 

11. 

TRIHALOrCTHANES 

8.7312 

8.6284 

8.1765 

8.6663 

12. 

total HALOCARBONS 

1.4753 

8.2864 

8.1483 

6.5287 


D-4 


6M CHROmTOQMm KOtfSSION MM.Y9IS nM Iff 3. 19M TO tCP 3B. 19M 
non SATTLE SOURCE 1 TO SfitTLt SOURCE 3 


UINERR CURVE FIT RESULTS CY-M * Al«0O 


CML COrVOUNO 

At 

A1 

STANBARS 

CORR. 

tATEU 

NO. 



SM90H 

COEFF. 

SIZE 

1. TETRRCHLOROETNYLENE 

1.71S1 

t.TttS 

t.3S6S 

t.7t44 

t 

2. rCmVLCNE CHLORIK 

2S.t4t7 

-t.2S44 

ll.t371 

t.29I6 

t 

3. CRRfON TSTURCNLORtK 

t.tttt 

t.tttt 

t.tttt 

t.tttt 

t 

4. 1.2-BICMLOROSTMYLENE 

t.titt 

t.tttt 

t.tttt 

t.tttt 

t 

S. CMLOROFORTf 

S.tSAt 

t.663t 

S.1S3S 

t.3667 

t 

t. l.l.t'TRICHLOROETMRNC 

t.3173 

t.lt4S 

t.lt47 

0.6929 

t 

7. SROnOOlCHLOROmXRNS 

t.2tSt 

1.S344 

4. 1727 

t.7944 

7 

t. TRlCNLOROrmtLENE 

t.37S2 

t.2S51 

t.t93t 

9.9346 

0 

». PIBROnOCHLOROrCTNRNE 

S.4M2 

t.6647 

4.9273 

0.9133 

t 

It. iRonoFORn 

t.teet 

t.tttt 

o.otot 

6.0006 

t 

11. TRlHALOrCTNRNES 

2.7tll 

1.0101 

t.26tt 

0.7706 

t 

12. Torrn. hrlocarsons 

a.S4ii 

0.t6t7 

16.499S 

t.06S6 

t 

FRRRtaiC CURVE FIT RESULTS (Y-Rt ♦ Al«< ♦ A2«0«Me) 




CM. COrVOUNO 

At 

A1 

A2 

STANBARS 

CORR. 

NO. 




ERROR 

COEFF. 

1. TrntACNLOROETNYLENE 

2.SE3E 

S.31SS 

S.043S 

t.3966 

6.7099 

2. tCTHYLENE CHLORIK 

27.0611 

-t.4777 

0.0644 

11.0176 

0.2976 

3. CARSON TE7RACHL0RIK 

t.tttt 

t.tttt 

t.tttt 

6.0006 

t.tttt 

4. 1.2-0ICHL0RK1NYLENE 

t.tttt 

t.tttt 

t.tttt 

t.tttt 

t.otoo 

S. CHLOROFORM 

ss.ttsi 

•t.ssts 

t.42tt 

2.9491 

0.9094 

(. l.I.I-TRICHLOROCTHANE 

0.28S4 

t.l444 

-t.0097 

6.1049 

0.6936 

7. BROnODICHLOROrCTHAHE 

33.2003 

-3.2t9S 

t.1279 

3.5696 

t.t2S7 

t. TRICHLORl^THYLENE 

S.432S 

t.2tS6 

t.tl20 

0.0934 

0.9347 

S. SISROMOCHLOROmHANE 

17.CS94 

-1.S660 

t.0691 

4.7274 

6.9679 

It. tROMOFORM 

t.tttt 

t.tttt 

t.tttt 

0.6066 

t.tttt 

11. TRlHALOrCTHANES 

tS.4935 

-3.6tS4 

t.tS72 

9.2491 

6.9174 

12. TOTAL HALOCARSONS 

66.2tlt 

-6.0416 

t.ttt9 

16.4966 

6.6664 

LOGARlTHrilC CURVE FIT RESULTS 

(L0GCY3«At M1<N.0CCX3) 




CAL comuNS 

At 

A1 

tTANSARS 

CORR. 


NO. 



ERROR 

COEFF. 


1. 7S7RACHL0R0ETMYLEHE 

t.277t 

t.6314 ' 

t.t36t 

0.7712 


2. mXYLENE CHLORIK 

1.4S21 

-6.144S > 

t.2639 

0.3290 


3. CARSON TETRACHLORIK 

t.tttt 

t.tttt 

t.tttt 

t.tttt 


4. 1,2-DICHLOROmflLEHE 

t.tttt 

t.tttt 

t.tttt 

t.tttt 


S. CHLOROFORM 

t.ssst 

t.4123 

t.t9t0 

0.3347 


f. I.I.t-TRICHLOROElHANC 

-0.3072 

t.30l7 

0.0769 

t.7634 


7. SROMOOICHLOROrCTHANE 

t.27t4 

t.70S2 

t.0961 

0.7967 


t. TRICHLORKTHYLENE 

-t.2046 

t.3664 

t.t419 

0.9376 


S. SltROMDCHLOROrCTHANE 

0.S221 

t.S303 

0.1076 

t.476t 


It. tROMOFKM 

t.tttt 

t.tttt 

t.tttt 

t.tttt 


11. TRIHALOMETHAHES 

t.Sttl 

t.tsss 

t.ttts 

0.S092 


12. linM. HALOCARtONS 

1.72M 

t.t4t4 

t.lt76 

0.1369 



D-5 


6M CHROntTOOWra RESRESSION ANALYSIS FOR SCA 3. ISSt TO SIA 3S. IStS 
F«n SATALC SOURCE 1 TO SATPLE SOURCE 4 


LINEAR CURVE FIT RESULTS (Y-AO ♦ A 1400 

CAL 

COrPOUND 

AO 

NO. 



1. 

TETRACHLCROrmYLENE 

0.7240 

E. 

NETHYLCNE CHLOAIOE 

11.S3S0 

3. 

CARBON TETRACHLORIDE 

0.0000 

4. 

1 .2-D ICHLOROETHYLENE 

0.0000 

S. 

CNLOROFORrt 

-7.8730 

S. 

I.1.1-1RICHL0R0CTHANE 

0.3008 

T. 

SROraS I CNLOROrSTHANE 

17.048S 

S. 

TRICHLOROETHYLENE 

0.4244 

s. 

DIBROrCCHLOROfgTHAHE 

ll.SSOC 

M. 

SRONOFORfI 

0.3000 

11. 

TRIHALONETHMCS 

37.8200 

12. 

TOTAL HALtKARSONS 

71.»lf 

FA« 

•OLIC ClAVE FIT RESULTS (Y-AS * AIM 

CAL 

COFPOUNO 

AO 

NO. 

1. 

TETRACHLORKTNVLENE 

0.2490 

2. 

NETHYLEHE CHLORIDE 

9.8272 

2. 

CARSON TETRACHLORIDE 

0.0000 

4. 

1 .2-D ICHLOROETKiLCHE 

0.0000 

S. 

CHLOROFORM 

22.8449 

S. 

1 . I . 1-TR ICHLOROETHANC 

0.3483 

7. 

SROMOD ICHLlAOrCTHANE 

82.4306 

S. 

TRICHLOROETHYLENE 

0.4084 

s. 

P ISRCMOCHLCAOrCTHANC 

18.2009 

It. 

SROrUFORM 

0.3447 

11. 

TRlHALOrCTHANES 

178.8389 

12. 

TOTAL HALOCARSONS 

214. 1011 

LOGAAITttllC OAVE FIT RESULTS 

(L06CY3-A0 

CAL 

CtmUND 

AO 

NO. 

}. 

TETRACHLOROETHYLENE 

-0.1020 

2. 

ICTHYLCNE CHLORIDE 

0.0088 

1. 

CARSON TETRACHLORIDE 

0.0000 

4. 

1 . 2-D I CHLOROETHYLENE 

o.eoeo 

s. 

CHLOROFORM 

-0.2837 

f. 

1 . I . 1 -TR ICHLOROETHANE 

-0.4047 

7. 

SAOMOD ICHLCAOrCTHANE 

1.1932 

8 . 

TRICHLOROETHYLENE 

-0.2246 

s. 

DIBROMOCHLOROMETHANE 

0.9829 

IS. 

SROMOFORM 

-1.0088 

11. 

TRIHALOMETHAHES 

1.8922 

12. 

TOTAL MLOCARSONS 

2.0972 



STANDARD 

CORA. 

SAMPLE 


ERROR 

COEFF. 

SIZE 

0.9170 

0.8016 

0.9281 

tz 

0.1974 

9.9708 

0.3438 

19 

0.0000 

o.eoee 

0.0000 

0 

0.0000 

s.oeeo 

0.0000 

0 

1.9074 

0.2007 

0.8299 

19 

0.0203 

0.1117 

0.3201 

19 

0. 1741 

0.7111 

0.1217 

18 

0.1789 

0.0999 

0.8990 

18 

0.1834 

8.9163 

0.0729 

18 

-1.3822 

0.3999 

0.3890 

8 

0.2800 

24.9819 

0. 1418 

18 

-0.0000 

29.1709 

0.8801 

18 

* A2MM2) 

A1 

A2 

STANDARD 

ERROR 

OMR. 

COEFF. 

1.4104 

-0.0099 

0.9701 

0.9339 

0.4928 

-0.0088 

9.9273 

0.3849 

o.eoeo 

0.0000 

0.8000 

0.0000 

o.eoeo 

0.0080 

o.eeoe 

0.0000 

-2.8988 

0.1941 

7.0780 

0.6830 

0.8780 

-0.0131 

0.1119 

0.3340 

-4.4738 

0.1331 

7.8094 

8.4983 

0.2008 

-0.0891 

0.8999 

8.0800 

-0.8420 

8.e290 

8.8991 

0.1088 

-3.0181 

8.9416 

8.3908 

0.3710 

-8.9424 

0.0832 

22.4088 

8.4293 

-9.3332 

0.0443 

23.0999 

8.3244 

4AlaL0GCX3) 

A1 

8TANDARC 

ERROR 

CORR. 

COEFF. 


1.2389 

0.1110 

0.9877 


0.2009 

0.2091 

8.3803 


0.8000 

8.8000 

8.0000 


0.0000 

0.8000 

0.8008 


1.2981 

8.1M7 

8.8314 


0.1410 

0.107V 

0.3432 


0.8992 

0.1693 

0.2129 


0.4108 

0.0801 

0.8337 


0.0940 

8.2318 

0.2888 


-0.2349 

0.0201 

0.9193 


0.0220 

0.2092 

0.2409 


-0.1798 

0.1008 

0.2208 
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6AS CHROnATOGRflPH REGRESSION ANALYSIS FOR SEP 3. 1988 TO SEP 38. 1988 
FROM SAT^E SOURCE 1 TO SAMPLE SO*'XE 5 


LINEAR CURVE FIT RESULTS (Y-A8 * A1«X) 


CAL COMPOWW 

A8 

A1 

S^DARD 

CORR. 

SATELE 

NO. 



ERROR 

COEFF. 

SIZE 

1. TbiTEACHLOROETNYLENE 

1.2898 

8.7442 

0.9736 

8.7740 

13 

2. rCTHYlENE CHLORIDE 

7.5982 

8.3025 

7.3864 

0.3847 

16 

3. CARPOH TETRACHLORIDE 

8.8888 

8.8888 

0.0008 

0.8800 

8 

4. t.2-DICHLjjROETHYLENE 

8.8888 

8.8088 

0.0800 

8 . 08 m 

0 

S. CHLOROFORM 

8.8647 

1.2288 

4.9828 

0.6575 

15 

S. I.1.1>TR1CHL0R0ETHANE 

3.1592 

0.0713 

8.8724 

0.1465 

16 

7. BROMODID«.ORC?€TWNE 

13.8779 

8.3989 

4. 1870 

8.5421 

16 

8. TRICHL v^THYLF.NE 

1.5819 

8. 1037 

0.27M 

0.4839 

16 

9. DI8POf >r .OROtETHAHE 

8.5981 

8.8848 

2.8748 

8.4345 

16 

18. BROMOF^: i 

8.8828 

8.1614 

0.8800 

1.8840 

2 

11. TRIHALOMETHANt;? 

29.6752 

0.5283 

9.1079 

0.6843 

16 

12. TOTAL HM.XARBONS 

57.6578 

0.2163 

8.8952 

0.5449 

16 

PARABOLIC CURVE FIT RESULTS (Y-A8 * Mm * A2«0C«>2) 




CAL COrVOUND 

A8 

At 

A2 

STAIOmD 

CORR. 

NO. 




ERROR 

COEFF. 

1. TETRACHLOROETHYLENE 

1.2695 

0.7623 

-0.0830 

0.9736 

8.7748 

2. METHYLENE CHLORIDE 

18.3133 

-8.8578 

0.8884 

7.3227 

8.4833 

3. CARBON TETRACHLORIDE 

8.8888 

0.0800 

0.8888 

0 . 80 m 

8.88m 

4. 1.2-DICM.OfiOETHYLENE 

8.8888 

0.8000 

0.8800 

8 .Om 0 

8 . 80 m 

9. CHLOROFORM 

18.1866 

8.6272 

8.0207 

4.8918 

8.6593 

6. 1.1.I-TRICHLOROE7HAIC 

3.8727 

-0.9415 

8.2643 

8.8581 

0.2310 

7. BROMODICHLOROrCTHANE 

12.6168 

8.5646 

-0.0847 

4.1855 

8.5428 

8. TRICHLOROETHYLENE 

1.3138 

0.3313 

-0.0534 

8.2673 

0.4993 

9. DlBROMOCHLOROrCTHANE 

11.1539 

-8.4266 

0.8284 

2.0380 

8.4655 

18. BROMDFORM 

8.8888 

8.8008 

8.8800 

0.0130 

1.8111 

11. TRIHra.OMETHANES 

29.7285 

8.5255 

0.8888 

9.1079 

8.6843 

12. TOTAL HALOCARBONS 

-6.5184 

2.5848 

-0.0200 

8.1206 

0.6435 

LOGARITHMIC CtlR^ FIT RESULTS 

(L0GCY3>A8 -»Al«LOGCX]} 




CAL COTTOJND 

AB 

A1 

STANDARD 

CORR. 


NO. 



ERROR 

COEFF. 


1. TETRACHLOROETHYLENE 

8.1692 

8.7616 

0.1136 

8.8693 


2. rETHYLENE CHLORIDE 

8.6898 

0.3480 

0.2836 

0.3980 


3. CARSON TETRACHLORIDE 

8.8888 


0.8008 

e.eem 


4. J.2-DICHL0R0ETHYLENE 

8.0888 

0.8088 

8.0888 

8.0000 


S. CHLOROFORM 

8.5675 

8.6867 

0.1097 

8.5918 


C. 1.1.1-TRlCHLOROETHANE 

0.4830 

0.8662 

0. 1534 

8.2539 


7. BROMODICHLORO^CTHANE 

0.8227 

8.3969 

0.1212 

0.5390 


8. TRICHLOROETHYLENE 

8.1917 

0.1424 

0.88b4 

8.4911 


9. D1BROMOCM.OROMETHANE 

0.8887 

0.8870 

0.097V! 

8.4849 


18. BROMOFORM 

-1.0483 

8.6896 

o.orae 

i.oom 


11. TRIHALOrCTHANES 

1.0151 

8.4303 

0.0843 

8.6901 


12. TOTAL HALOCARBONS 

1.5857 

0.1928 

0.0547 

8.5871 



D-7 












CM O«0mT0CRftPN MtCRCSSlOH MMLYStS FOR M? 3. IfM TO MP 3«. 
FROn tCnPLC SOURCE 1 TO SRmi SOURCE ( 


LINEAR CURVE FIT RESULTS (Y-M ♦ Al*»0 


CAL 

comuNO 

A8 

A1 

STANDARD 

CORR. 

SATTLE 

NO. 




ERROR 

COEFF. 

SIZE 

1. 

TETRACHLOROCTNYLENE 

•B.B8TS 

8.9787 

8.8872 

8.8722 

14 

3. 

rtTNVLENE CHLORIOE 

1B.S39F 

8.8818 

t.281S 

i.8849 

16 

3. 

CARSON TETRACHLORIDE 

8.8888 

8.8808 

0.8888 

8.8888 

8 

4. 

} .2*0 ICHLORtXTNVUNE 

8.8888 

8.8088 

8.0888 

8.8888 

8 

8. 

CHLOROFORM 

12.3811 

8.7848 

S.M86 

8.8837 

18 

8. 

I.I.I-TRICHLORMTNANE 

3.sn8 

-8. 1 1 18 

8.8223 

8. 1673 

18 

r. 

IROraD ICHLOROMETNANC 

19.9281 

8.1178 

4.8332 

8.4466 

IS 

I. 

TRlDfl.OROETHVLENE 

1.9847 

-8.8881 

8.2928 

8.1827 

18 

s. 

D IBROnOCHLOROrCTNANE 

12.3888 

8.0228 

4.8081 

8.1298 

18 

18. 

BRI^ORM 

8.2428 

-2.6^7 

8.8619 

8.9M8 

3 

U. 

TRIHALOMCTNANCS 

81.8378 

8.1126 

18.8929 

6.1438 

16 

12. 

TOTAL HALOCARMNS 

88.2883 

-8.1888 

12.2989 

0.2142 

16 

RRRAROUC CUR\« FIT RESULTS (Y*A6 ♦ Al«( 

4 A2*0«m2) 




CRL 

COmUNO 

AO 

A1 

A2 

STANDARD 

CORR. 

NO. 





3RR0R 

COEFF. 

1. 

tetrachlorixtnylenc 

-8.2184 

1.2388 

-8.8478 

6.8811 

0.8741 

2. 

METHYLENE CHLORIDE 

1I.S888 

-8.0876 

8.8833 

6.2787 

8.1836 

3. 

CARBON TETRACHLCMIDE 

8.8888 

8.8888 

8. MSB 

8.8888 

• 8808 

4. 

1 . 2-D I CHLOROETHYLENE 

8.8886 

8.8088 

8.8888 

6.8888 

8.8888 

S. 

CHLOROFORM 

21.8838 

-8.8482 

8.8488 

8.3639 

8.8188 


1. i . l*TRlCHLOROrTHANE 

8.3978 

-2.7084 

8.6786 

6.7178 

8.8188 

T. 

BROrCD ichlorotcthane 

17.6984 

8.4118 

-8.8884 

4.8288 

8.4499 

8. 

TRICHLOROCT>m.EHC 

1.8414 

8.8263 

-8.817^ 

8.2923 

8.1586 

8. 

D IBROraCHLOROrCTHANE 

8.3568 

8.8187 

-8. 8318 

3.9639 

8.1984 

18. 

■ROnOFORM 

8.6686 

'38.8329 

256.1277 

8.8008 

1.8888 

11. 

TRIHALOMETHANES 

88.8942 

-8.0821 

6.8822 

18.8899 

8.1481 

12. 

TOTAL HAL0CAR8ONS 

139.8964 

-2. 1875 

6.8178 

11.8998 

8.3281 

LOGRRITWIC CURVE FIT RESULTS 

(L0GCY3-A8 4A1M.0GCX3) 




CM. 

COmUNO 

A8 

A1 

STANDARD 

CORR. 


NO. 




ERROR 

OKFF. 


1. 

TETRACHLOROETHYLENE 

-8.1827 

1.1M2 

9.1788 

8.9429 


2. 

METHYLENE CHLORIDE 

8.8138 

8.1541 

8.2648 

8.3263 


3. 

CARSON TETRACHLORIDE 

8.8888 

8.8086 

8.6868 

8.8888 


4. 

1.2-DICHLOROCTHYLENE 

8.8688 

6.6888 

8.8088 

8.8088 


8. 

CHLmOFORM 

8.8768 

8.4117 

8.1141 

6.8147 


8. 

I.I.l-TRICHLOROE thane 

8.8389 

-8.1886 

8.1135 

8.3871 


r. 

IROnOD ichloromethane 

1.2178 

8.8972 

8.8796 

8.4883 


8. 

trichloroethylene 

8.2638 

-8.8889 

8.6711 

8.1712 


9. 

D IRROMOCHLOROMETHANE 

1.6242 

8.8532 

6.U46 

8.2789 


18. 

SROrOFORM 

-4.2928 

-1.9939 

8.8168 

6.9997 


11. 

TRIHALOrSTHANES 

1.6898 

8.883F 

8.7879 

6.1988 


12. 

TOTAL NALOCARBONS 

2. 1821 

-8.1287 

8.8723 

8.2664 
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GAS CHROmTOGRAPH REGRESSim ANALYSIS FOR SEP 3. 1980 TO SEP 38. 1988 
FROM SAHPLE SOURCE 2 TO SM1>LE SOURCE 3 


LINEAR CURVE FIT RESULTS (Y-A8 4 A1>«X) 


CAL 

COTFOUND 

A8 

A1 

STANDARD 

CORR. 

SAm.E 

NO. 




ERROR 

COEFF. 

SIZE 

1. 

TETRACHLOROETNYLENE 

2.3183 

8.5244 

8.4747 

0.6784 

8 

2. 

rCTNYLENE OR.ORIDE 

28.8683 

-8.0196 

11.5376 

. 0.0114 

8 

3. 

CARSON TETRACHLORIDE 

8.8888 

8.8888 

0.0008 

0.8808 

8 

4. 

1 . 2-D 1CM.OROETHYLENE 

8.8888 

8.8888 

0.8080 

8.8888 

8 

S. 

CHLOROFORn 

4.1122 

8.5622 

1.4243 

0.9893 

8 

6. 

1 . 1 . 1-TR ICHLOROETHANE 

8.2188 

8.3847 

0.0978 

0.7386 

8 

r. 

BROmOICHLOROrCTHANE 

2.3498 

8.7279 

3.2504 

0.8594 

7 

8. 

trichloroethylene 

8.8126 

8.8822 

8.8658 

8.9681 

8 

9. 

DIBROnOCHLOROrCTHANE 

1.5738 

8.8488 

2.3834 

0.9096 

8 

18. 

BROnOFORM 

8.8888 

8.8888 

8.0000 

B.raee 

0 

11. 

TRIHALONETHANES 

6.7533 

8.7898 

5.7966 

8.8981 

8 

12. 

TOTAL HALOCARSONS 

29.5924 

8.5786 

13.5811 

8.5784 

8 

PARABOLIC CURVE FIT RESULTS (Y-A8 * A1«X 

* A2«Xiib«2) 




CAL 

COTFOUND 

A8 

A1 

A2 

STANDARD 

CORR. 

PO. 





ERROR 

COEFF. 

1. 

TETRACHLOROETHVLEHE 

16.3789 

-3.2388 

8.5741 

0.3419 

0.8453 

2. 

^ETHVLENE CHLORIDE 

34.9632 

-2.4557 

0.0808 

10.6766 

0.3792 

3. 

CARSON TETRACHLORIDE 

8.8888 

8.8808 

8.0000 

0.8008 

0.8008 

4. 

1 .2-DICHLOROETHVLEHE 

8.8888 

8.8088 

0.8008 

0.8000 

o.oraa 

5. 

CHLOROFORM 

19.5421 

-1.1476 

0.0411 

1.0515 

0.9316 

6. 

1.1.1-TRICHLOROETHANE 

8.2754 

8.2385 

0.0743 

0.0976 

0.7398 

7. 

BROMOD ICHLOROMETHANE 

26.8396 

-1.4305 

8.8449 

2.8117 

8.8968 

8. 

TRICHLOROETHYLENE 

8.2856 

0.4651 

8.1361 

0.8642 

0.9697 

9. 

D I8R0M0CHL0R0METHANF 

1.1891 

8.9298 

-8.8028 

2.3838 

0.9897 

18. 

BROMOFORM 

8.8888 

0.0000 

8.8008 

0.0000 

0.0088 

11. 

TRIHALOttTHANES 

48.6986 

-8.5597 

0.8104 

5.2003 

8.9189 

12. 

TOTAL HALOCARBONS 

113.4889 

-1.8003 

0.0157 

12.7843 

8.6342 

LOGARlTMniC CUKYE FIT RESULTS 

(L0GCYT-A8 4A1>4.0GCXT) 




CAL 

CtRFOUND 

A8 

A1 

STANDARD 

CORR. 


NO. 




ERROR 

COEFF. 


1. 

TETRACHLOROETNYLENE 

8.3684 

8.4745 

8.0464 

8.5961 


2. 

rCTHYLENE CHLORIDE 

1.2299 

0.0089 

0.2686 

0.2711 


3. 

CARSON TETRACHLORIDE 

8.8888 

8.0000 

8.0000 

0.0000 


4. 

1 . 2-D ICHLOROETHYLENE 

8.8888 

8.8008 

0.0000 

0.8000 


S. 

CHLOROFORM 

8.3395 

8.6469 

0.8521 

0.8413 


8. 

1. 1. 1-TRICHLOROETHANE 

-8.2278 

0.6480 

8.8888 

0.7348 


7. 

BROMOD 1 CHLOROfCTHANE 

8.1881 

0.7979 

8.0797 

0.8096 


8. 

TRICHLOROETHYLENE 

-8.8898 

0.9665 

0.8346 

0.9578 


9. 

D I 8ROMOCHLORONETHANE 

8.1885 

8.8185 

0.1090 

0.8595 


18. 

BROMOFORM 

8.8888 

8.0808 

•' 0.0800 

0.0808 


11. 

TRIHALOMETHANES 

8.2981 

0.7844 

8.0660 

0.8396 


12. 

TOTAL HALOCARBONS 

8.8633 

8.5263 

0.8941 

0.4986 
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6M CMROmTOamPN RI6RCSSI0N WMLYSIS FOR SCP 3. 19M TO SIF 3«. 19M 

non simi sotwct 3 to SRm.i sourci 4 


UINCM CURVE FIT RESULTS (Y-M * A1««0 


CM. COmXMD 

At 

A1 

STANDARD 

CORA. 

SAMPLE 

no. 



ERROR 

COEFF. 

SIZE 

1. irnMCNLOROETNYLINE 

•1.R734 

1.2218 

0.1189 

0.9969 

0 

S. rCTHTLENE CHLORIDE 

12.12S3 

8.2895 

4.5235 

8.7518 

8 

3. CRRtON TETRACHLORIDE 

R.RORR 

0.8008 

0.0808 

8.8888 

0 

4. 1.3-DICHLOROETHYLEHE 

R.RRRR 

0.8088 

8.0888 

8.8888 

8 

S. CHLOROFORH 

-R.C45E 

8.9898 

1.2466 

8.9597 

8 

f. 1.1.1-TRICM.OROETHANC 

S.22R2 

8.3732 

8.0473 

8.7781 

8 

T. RROnODICHtOROrCTHANE 

I.RR32 

8.8527 

8.9636 

8.9872 

7 

t. TRICHLOROETHYLENE 

R.1S41 

8.S981 

8.1187 

8.8455 

8 

f. DIRROnOCHLOROrCTHANE 

-1.C3SR 

1.2813 

1.1834 

8.9858 

8 

IR. RROnOFORN 

R.RtRt 

8.0880 

0.3598 

0.4139 

1 

11. TRIHALOHETHANES 

7.IS1R 

8.8442 

9.5203 

8.8807 

8 

12. total halocarrons 

2C.tERt 

R.58C2 

11.5445 

8.6446 

8 

FARAROLIC CURVE FIT RESULTS <Y-A0 ♦ Al«0< ♦ 




CAL COmUND 

At 

A1 

A2 

STANDARD 

CORR. 

NO. 




ERROR 

COEFF. 

1. TETRACHLOROE1HYLENE 

2.R9E1 

-8.0958 

8.1343 

8.1014 

8.9977 

2. rCTHYLENE CHLORIDE 

E.47S3 

8.9824 

-8.8125 

4. 1224 

8.7993 

3. O«R0N TETRACHLOR'IDE 

R.eew 

8.8088 

6.0888 

8.8808 

8.8888 

4. 1.2-DICHLOROETHYLENE 

R.eoM 

8.0880 

8.8888 

0.8888 

8.0080 

S. CHLOROFORM 

•13.0453 

3.4731 

-8.8766 

1.8667 

8.9706 

C. 1.1.1-TRlCHLOROETHANE 

R.5524 

-8.8738 

1.8926 

8.0395 

8.0515 

7. EROrODICM.OROrCTHANE 

5.7154 

8.369C 

8.0114 

8.8758 

8.9895 

R. TRICHLOROETHYLENE 

-R.356E 

1.7M5 

-8.5362 

8 . 1:22 

8.8632 

S. MBROMOCHLOROrCTHMC 

2.6814 

8.3876 

8.8298 

0.9967 

8.9899 

IR. RROrOFORM 

R.eeoe 

0.8888 

8 8888 

0.3598 

8.4139 

11. TRIHALOMETHANES 

28.2384 

8.2762 

0.8856 

9.4888 

8.8826 

12. TOTAL HALOCARRONS 

1S1.008S 

-3.2522 

8.8278 

9.8706 

0.7568 

LOCARITHniC CURVE FIT RESULTS 

(L0GCY3-AR <»A1«C0CCH]) 




CAL COrfOUNO 

At 

At 

STANDARD 

CORR. 


NO. 



ERROR 

Ct«FF. 


1. TETRACHLOROETHYLENE 

-8.1378 

1.1991 

8.8112 

0.9970 


2. METHYLENE CHLORIDE 

8.7818 

8.3638 

0.1235 

8.7167 


3. CARSON lETRAOCmiDE 

0.0808 

0.8888 

8.8888 

8.0088 


4. 1.2-DICHLOROETHYLCNE 

8.8080 

8.8088 

8.8888 

8.0888 


S. CHLOROFORM 

-8.1588 

1.1685 

0.8459 

0.9536 


S. 1.1.1'TRICHLOROCTHANE 

-8.2E55 

0.4875 

0.8573 

8.6655 


7. RROMOOICHLOROMETHANE 

R.R8S2 

0.8988 

8.0293 

8.9814 


R. trichloroethylene 

-8.8738 

8.8695 

0.0612 

6.8624 


t. DISROrOCHLOROrSTHANE 

-8.1018 

1.1097 

8.0488 

8.9818 


IR. RROMOFORM 

R.8808 

8.0888 

■8.4439 

1.8321 


11. TRlHALOrCTHANES 

8.1940 

8.8810 

8.8957 

8.8170 


12. TOTAL HALKARSONS 

8.8451 

8.5297 

8.0768 

8.6168 
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6M CMROr«TOGmm RtGRCSSION ANALYSIS FOR SET 1. ISW TO SEP 3t. I98Q 
PROn SATPLE SOURCE 4 TO SAWLC SOURCE S 


LINEAR CUR^« FIT RESULTS (Y-A0 •*' Al«)0 


CAL CtmUNS 

AR 

A1 

STANDARD 

CORR. 

SAfCLE 

NO. 



ERROR 

COEFF. 

SIZE 

1. TETRACNLOROETHYLENE 

-R.1953 

1.SRS4 

R.SSR3 

R.R9S4 

13 

1. rrmYLCNE chlorik 

2.S34I 

R.7RR4 

6.C7I1 

R.SRRS 

IS 

3. CARMN TETRACNLORIDE 

S.SRRR 

R.RRRR 

R.RRRR 

R.RORR 

R 

4. 1.2-DICHLOROCTHYLENE 

R.RRRR 

S.SRRR 

R.RRRR 

R.RRRR 

R 

S. CNLORQFORN 

1S.4RI2 

R.342R 

S.2R79 

R.SSS3 

14 

t. M.I-TRICHLOROETHANE 

1.R723 

3.22R7 

R.R17R 

R.43S1 

IS 

r. IROraDICNLOROrCTMANC 

17.R238 

R.I2R3 

4.71S9 

R.323S 

IS 

t. TRICNLOROET>m.ENE 

I.1S23 

R.SS71 

R.29CR 

R.5S41 

IS 

S. MBROrCCNLOROrCTHANE 

7.S3R1 

R.II46 

1.9S9S 

R.S2S3 

IS 

IR. SROIDFORM 

•R.R93S 

14. 13S9 

R.RRRR 

l.RRRR 

2 

11. TRIHALOtCTNANES 

42.S913 

R.1S43 

1S.9R93 

R.4S7S 

IS 

12. TOTAL HAL0CAR80HS 

FR.FRS4 

R.RRRR 

9.S317 

R.4191 

IS 

PARNMLIC CURVE FIT RESULTS (Y-AR * AlaM * ASaMMS) 




CAL CtmUNS 

AR 

R1 

A2 

STANDARD 

CORR. 

NO. 




ERROR 

COEFF. 

1. TITRACHLOROETNYLEIC 

-R.S74S 

R.924S 

R.S112 

R.6R7S 

R.R9SS 

2. rCTNYLENE CNLORIBC 

4.4RS4 

R.3342 

R.R122 

6.S421 

R.S717 

3. CARSON TETRACHLORIK 

R.RRRR 

S.SRRR 

R.RRRR 

R.RORR 

R.RORR 

4. 1.2-DICHLOROETNYLENE 

R.RRRR 

R.RRRR 

R.RRRR 

R.RRRR 

R.RORR 

S. CHLOROFOan 

12.S9R3 

S.63S9 

-R.RORR 

5.1014 

R.591R 

S. t.l.l'TRICHLOROETNANC 

2.2SS3 

1.4S9R 

1.RR94 

R.S165 

R.4373 

7. RROraRICHLOROrCTNANC 

21.67S2 

-R.23RE 

R.RR7S 

4.S769 

R.3453 

R. TRICHLOROETHYLENE 

-1.3RSR 

7.3799 

-4.221R 

R.2R74 

S.74R3 

S. DlRROMOCHLOROrCTHANS 

R.33I4 

R.3RRS 

-R.RRRR 

I.923R 

R.549S 

IR. SROnOFORN 

R.RRRR 

R.RRRR 

R.RRRR 

0.0130 

I.RIll 

11. TRIHALOrCTHANES 

47.5377 

•R.R416 

R.RRIR 

IR.S551 

R.4947 

12. TOTAL HALOCARBONS 

71.SSSI 

•R.R2SR 

R.RRR2 

9.E3RS 

R.4I94 

LOGARlTTtllC CURVE FIT RESULTS 

(LOavi-AR ■HllaLOQCX}) 




CAL COrPOUNB 

AS 

A1 

STANDARD 

CORR. 


NO. 



ERROR 

COEFF. 


1. TETRACNLOROETHYLENE 

•R.1447 

1.1R44 - 

R.R744 

R.9ni 


2. rCTHYLENE CHLORIDE 

S.2R3I 

R.719S 

R.255R 

R.5537 


3. CARSON TETRACHLORIDE 

R.RRRR 

R.RORR , 

R.RRRR 

R.RRRR 


4. 1.2-DICHLOROETHYLENE 

R.RRRR 

R.RRRR 

R.RORR 

R.RORR 


1 

1 

« 

R.S3C3 

S.3S4S 

R.1IR7 

0.5955 


S. I.l.l-TRICHLOROETHANE 

S.712S 

R.SR33 

R.1437 

R.47R1 


7. RRONODICHLORONETHANE 

1.I5RI 

S.1123 

R.I3R9 

R.31E4 


R. TRICHLWOETHYLENE 

R.2S2S 

R.43S3 

R.R77R 

R.SII5 


S. DISROnOCHLOROrCTHANE 

R.7S73 

R.I6C9 

R.R9RR 

R.57SS 


IS. RROrOFORN 

19.477S 

IS.RRSS 

R.RRRR 

l.RRRR 


11. TRIHALOrCTHANES 

1.4K33 

R.I377 

R.IRR4 

R.5RM 


12. TOTAL HALKARSONS 

1.RS92 

-R.RR79 

R.RRR2 

R.453R 
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GM CHtOraTOGRAPH RECRESSiON mWCYStS FOR SEP 3. 1980 TO SEP 30. 1900 

man sample source s to swpu source e 


LIKERR CURVE FIT RESULTS (Y>A0 * AI«0O 


CM. 

corpouNO 

A0 

Al 

STANDARD 

CORR. 

SAfPLE 

NO. 




ERROR 

COEFF. 

S12E 

1. 

TSTmCNLORQST>m.ENE 

8.a378 

0.8472 

1.1274 

0.7763 

15 

a. 

rCTNYLENE CHLORIDE 

9.4F79 

8.9070 

4.9203 

0.6729 

17 

3. 

CMWM TETRACNLORIOC 

8.8008 

8.8008 

0.8000 

0.0000 

0 

4. 

l.a-DICHLOROETHYI.£NE 

8.0080 

0.8000 

0.8000 

8.8008 

8 

S. 

CNLOROFORn 

9.4030 

0.7478 

3.8206 

0.9131 

10 

0. 

1. 1. l-TRICHLOROEn«»C 

1.3072 

0.0241 

0.9008 

0.7248 

17 

r. 

SROnOD ICHLOROrCTHMC 

33.8039 

-0.0980 

9.3002 

0.2114 

17 

8. 

TRlCHLOROCnm.ENE 

1.0381 

8.1084 

0.2814 

0.2049 

17 

9. 

DiaROrDCHLOROrCTHMC 

7.8507 

0.9941 

3.2826 

0.9793 

17 

18. 

8R0K)F0Rn 

0.0000 

8.0081 

o.ooeo 

1.0000 

2 

11. 

TRIHRLOrCTNANES 

40.3144 

8.1089 

9.9447 

8.3897 

17 

la. 

TOTW. HM.0CRR80NS 

00.4108 

8.1349 

12.8324 

0.2200 

17 

PMtReaiC CURVE FIT RESULTS (Y-AO * Al49( * A2*00«aS) 




CM. 

COrVOUNO 

AS 

Al 

A2 

STANDARD 

CORR. 

NO. 





ERROR 

COEFF. 

1. 

TETRACHLOROETHTLENE 

-0.4803 

1.4129 

-0.0829 

1.8939 

8.7913 

a. 

rCTKlLENE CHLORIDE 

4.9482 

8.6890 

-0.8099 

4.9108 

8.07S7 

a. 

CARSON TETRACHLORIDE 

0.8800 

0.8800 

8.0000 

0.8000 

8.0000 

4. 

l.a>DICNLOROCTHM.EHC 

8.0080 

0.8000 

0.0000 

8.0000 

8.0000 

9. 

CHLOROFORtl 

-0.3702 

1.2198 

-0.0083 

2. £780 

8.9214 


1. 1. l-TRICHLOtOETHANC 

2.2323 

-0.8967 

0.1119 

8. 9916 

0.7432 

r. 

0RONOD ICHLOROrCTHAHE 

1.0204 

1.9940 

-0.0438 

3.8824 

0.7871 

8. 

TRICHLOROETHYLENE 

8.8713 

8.8342 

-0.1993 

8.2609 

8.3719 

9. 

D ISROrOCHLOROrCTHANE 

-7.0511 

2.8099 

-0.0740 

2.6189 

0.7998 

10. 

SROnOFORfI 

0.0800 

8.0000 

0.0000 

8.1002 

0.4816 

11. 

TRIHAL-OrCTHANES 

21.0770 

0.9379 

-0.0047 

9.2447 

0.9142 

la. 

TOTAL HALOCARBONS 

02.3979 

8.2248 

-0.0804 

12.8291 

8.2218 

LOGRRITNniC CURVE FIT RESULTS 

(L0GCY3-A0 -»AlaL0CCX3) 




CM. 

COrPOUND 

A0 

Al 

STANDARD 

CORR. 


NO. 




ERROR 

COEFF. 


1. 

TETRACHLOROETHYLENE 

-0.4479 

1.9906 

0.1766 

0.9302 


a. 

rCTHYLENE CHLORIDE 

0.4739 

8.9388 

0.1902 

0.7143 


3. 

CARSON tetrachloride 

0.0000 

8.0008 

0.0888 

8.0008 


4. 

1 .a-DICHLOROETHYLENE 

0.0080 

0.0008 

0.0000 

0.0000 


9. 

CHLOROFORtl 

8.2420 

8.0177 

0.0947 

0.9299 


S. 

1 . 1 . I-TR ICHLOROETHANE 

0.2990 

0.4433 

0.8916 

0.6229 


r. 

BROdOD ICHLORONETHANE 

1.4939 

-0.1171 

0.1471 

0.1202 


8 . 

TRICHLOROETHYLENE 

0.2107 

8.1873 

0.0602 

0.3277 


9. 

DIBROnOCHLOWtETHANE 

0.4210 

8.6690 

0.1108 

0.6698 


18. 

SROhOFORn . 

-1.3839 

8.4498 

8.0000 

1.0000 


11. 

TRIHALOrCTHANES 

1.2743 

8.2743 

0.8778 

0.4590 


la. 

total HALOCARBONS 

1.9448 

8.1787 

0.0710 

0.2940 
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LOe-NOAMAl. OISTRIdUnONl $ep Z, IRSO to FEB 28f 19S1 


SAMPLE 


ONE 

LOCrY)«F(Z) 


CHI 

sample 

SOURCE 

AVERAGE 

SIGMA 

SLOPE 

INTERCEPT 


SQUARE 

SIZE 

TOTAL BIOMASS 







1 

2.0 

1.1 

0.3tl3E 

0 0.2204C 

0 

11.8144 

07 

2 

0.2 

0.1 

0.2401E 

0 -0.B344E 

0 

1.1370 

58 

3 

0.7 

0.5 

0.3140C 

0 -0.203SE 

0 

3.5443 

83 

4 

0.3 

0.3 

0.244SE 

0 -0.S7S2E 

0 

0.SS54 

00 

S 

0.3 

0.2 

0.2731E 

0 -O.ASROE 

0 

4. 3158 

05 

6 

0.3 

0.4 

0.207SE 

0 -0.470SE 

0 

4.0870 

115 

VIABLE 

BIOMASS 







1 

0.4 

o.i 

0.4343E 

0 •0.3701E 

0 

32.4447 

00 

2 

0.0 

0.0 

0.344SE 

0 -0.J698C 

1 

5,2750 

50 

3 

0.2 

0.2 

0.4S53E 

0 -0.8758E 

0 

4.4742 

84 

4 

0.1 

0.1 

0.4671E 

0 •0.11c?F 

1 

3.4504 

01 


0.1 

0.1 

0.4710E 

0 •0.1238E 

1 

1.4424 

03 

* 

0.1 

0.4 

0.433SE 

0 -0.1167E 

1 

4.0400 

114 

RES CHLORINE 







t 

4.0 

1.0 

0.2444E 

0 0.5473E 

0 

5.5385 

01 

2 

1.3 

1.0 

0.338BE 

0 0.4781E 

-1 

0.4377 

40 

3 

1.2 

1.1 

0.3120E 

0 -0.3173E 

•1 

7.1282 

78 

4 

0.0 

o.s 

0.3433E 

0 •0.1405E 

0 

1.0080 

67 

‘5 

0.3 

0.5 

0.3356E 

0 -0.7382E 

0 

81.3427 

01 

* 


1.2 

0.300SE 

0 0.2104E 

0 

11.8454 

104 

TURBI01TY-SI02 

' 






1 

13,0 

5.2 

0.1744E 

0 O.HOOE 

« 

5.0123 

114 

2 

11.4 

10.0 

0.2234E 

0 4.O805E 

i* 

0.1705 

78 

3 

4.2 

3,0 

0.2140E 

0 0.72O4E 

0 

20.0412 

08 

4 

0.3 

3.5 

0.1776E 

0 0.0353E 

0 

7.4344 

no 

5 

S.7 

4.0 

O.ISOSE 

0 0.7077E 

0 

22.1082 

111 

S 

4.7 

l.S 

0,1400C 

0 0.4437E 

0 

4.2020 

138 

OIS OXYGEN 



1 




1 

4.2 

l.S 

0.1578E 

0 0.7657E 

0 

38.5430 

114 

2 

4.7 

1.3 . 

0.B404E 

-1 0.8208E 

0 

7.7402 

78 

3 

4.4 

1.4 

0.1070E 

0 0.A08OE 

0 

8.0202 

00 

4 

4,0 

1.4 

0.0045E 

-1 0.8301E 

0 

3.0001 

110 

S 


1.4 

0.O677E 

-1 0.7807E 

0 

10.7470 

112 

4 

4^2 

1.4 

0.1213E 

0 0.7760E 

0 

18.5217 

138 


EOF,. 
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UOG*NORMtt OISTmODTlONI SEP 3. 19*0 TO FEB 28« 19BI 


< 


SAMPLE 


ONE 

L06m«r(Z) 


CHI 

sample 

source 

AVEPA6E 

SIGMA 

SLOPE 


INTERCEPT 


sauARE 

SIZE 

AMMONIA 

1 

5.1 

10,2 

0.4780E 

0 

B.374IE 

0 

12.1134 

88 

2 

5.9 

12.7 

0.5348E 

0 

0.3295E 

0 

9.2281 

57 

3 

5.1 

12.1 

0.5724E 

0 

0.2350E 

0 

9.1314 

74 

4 

9.4 

13.5 

0.5400E 

0 

0.207TE 

0 

14.2222 

81 

5 

9.3 

12.4 

0.5914E 

0 

0.9275E 

-1 

18.9722 

72 

« 

9.2 

12.8 

0.5143E 

0 

0.1283E 

0 

23.5470 

97 

PH 

1 

5.4 

0.5 

0.3182E 

•1 

0.7471E 

0 

14.0000 

115 

2 

7.4 

1.0 

0.5853E 

•1 

0.8454E 

0 

0.4415 

78 

3 

4.0 

0,7 

0.9488E 

-1 

0.7748E 

0 

18.5000 

100 

4 

4.3 

0,8 

0.4913E 

•1 

0,7959C 

0 

5.5455 

110 

s 

4.2 

0.4 

0.4117E 

-1 

0.7934E 

0 

4.9558 

113 

4 

TOT 0P6 

4.1 

carbon 

0.5 

0.3425E 

-1 

0.7825E 

0 

4,3478 

138 

t 

9.7 

2.9 

O.ttOSE 

0 

0.9753C 

0 

10,7708 

94 

2 

4.8 

2.1 

0.1377E 

0 

0.8107E 

0 

•2.8829 

48 

3 

7.2 

3,0 

0.1S34E 

0 

0.8293E 

0 

15.7531 

81 

4 

4.8 

2.0 

0,12T8E 

0 

0.8145C 

0 

15.2222 

90 

5 

4.2 

1.4 

0,tA48E 

0 

0.5945E 

0 

1.2527 

91 

* 3.7 

CONDUCTIVITY 

1.9 

0.1304E 

0 

0,552»r 

0 

8.8113 

104 

1 

1234.4 

42.4 

0.2195E 

-1 

8.3091E 

1 

2.4348 

115 

2 

1287.1 

85,3 

0.2715E 

-1 

0.3109E 

1 

12.3844 

78 

3 

1294.1 

53.2 

0.1837E 

-1 

0.3112E 

1 

2.5000 

100 

4 

1303.8 

40.4 

0.2045E 

-1 

0.3I1SE 

1 

3,9091 

110 

5 

1314.9 

44.9 

0,2154E 

-1 

0.3119E 

t 

5.4283 

113 

4 

1313.3 

45,5 

0.2200E 

-1 

0.31 18E 

1 

11.3478 

133 

MAPONESS 

1 

327.2 

338.3 

0.2237E 

0 

0.2930E 

1 

11.8750 

80 

2 

253.5 

102.3 

0.1415E 

0 

0.2379E 

1 

1.2447 

48 

3 

280.4 

254.1 

0.1782E 

0 

0.2394E 

1 

5,2791 

84 

4 

299.8 

70,7 

0.1259E 

0 

0.2380E 

1 

2.5243 

95 

5 

234,9 

49.2 

0.1315E 

0 

0.2355E 

1 

3.5306 

98 

4 

390,2 

304.5 

0.2368E 

0 

0.2519E 

1 

11.9551 

89 

SODIUM 

1 

158.7 

12.4 

0.3403C 

-1 

0.2199E 

1 

3.4815 

108 

2 

154.8 

13.9 

0.3757E 

•1 

0..2198E 

1 

4.3947 

74 

3 

154.1 

10.7 

0.2948E 

• 1 

0.2tB7E 

1 

4.1545 

93 

4 

155.8 

12.3 

o.534aE 

-1 

0.2I91E 

1 

6.8549 

103 


154.1 

11.2 

0. Slier 

-1 

0.2187E 

1 

1.0962 

104 

4 

153,7 

13,4 

0.3450E 

-1 

0.2I85E 

1 

8.0000 

130 


cor.. 
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OROM stMRte seuRCt 1 ra s*MR(.e sourci 2 


^ 1 
«( 

LiNCiR CURVE FIT RCSUCrS (TaiO * *1*1) 





ii 

CHI ^nNROR URIta 

IS 

At 

KTHWARO" 

corit; 

lAHRtE 

jJ 

NO. 



ERROR 

COERR. 

SIZE 


TTHTTiTkOf I PNIsTT* ir"C7«C" 

2TT723 S7W0 

— ftTnUT" 

S7>3» 

U 

H 

a. Vt«RLE BIONAISMU. C/MC 

0.012S 

•O.OOAI 

0.0301 

0.0100 

37 

a 

S. RCS CH.OHINC NO/L 

O.S770 

0.1303 

o.oios 

0.2030 

00 

u 

■ “ i. TURRIDtTV>SI02Moyt 

•2';2SS2 

1.0113 •“ 

3.3170 “ 

0.030S' 

73 

H 

7. 013 OXTCCN n«/L 

2.10S2 

0.7291 

0.7302 

0.0293 

73 

!■( 

to. IMNONIO MO/L 

-o.ooas 

I.OOOO 

1.1021 

0.0700 

90 A 

■m 

11. NITROTC “■ ' "W/U 

2TIOOS — 

o«oooo 

S 70000 

— «7ooo’0~” 

I 

1^ 

12. RN RM 

0.3970 

0.1000 

0.0011 

O.ttst 

73 

14 

1). TOT 0R« CARRON t^/\. 

2.R00I 

0.1032 

1.7907 

0.S3SO 

^0 


r»TT:oNoucT IV I TV mnuhotch 

— mriTOT — 

— 1T77530 

“717321^“ 

0.A021 

73 . 


ts. rcMRCRATUReat oec r 

13.7000 

0,3201 

l.OOOA 

0.7392 

73 

H 

to. HARONCSS a«/t. 

2OO.120S 

0.0902 

117.0050 

0.1000 

09 

■ 

TTTTroO ION »«7C 

1073770 

0.7J01 

loTiisr" 

370702 — 

""Tr — 

H 

20. AMtlENT T(MR OCS R 

13.000# 

0.7S21 

0.0301 

0.0237 

01 

C 

RARA30I.IC CURVE RIT RESUtTS 

(VaAO * A|*( 

* A2aXa«2) 




rt 

m 

CHO SENSOR UNITS 

AO 

At 

A2 

STAHOARO 

CORR. 

H 

NO. 




ERROR 

COERR. 


IK 

m 

1. 

2. 

total biomass mil c/ml 

VIABLE SinMASSMIL C/>-L 

0.0730 

0.0100 

0.0070 

0.0020 

•0.0170 

•0.0921 

0.1117 

0,0390 

0.1392 

O.lOll 

■1 

'■i 

9. 

0. 

7. 

■RESnCHCDRlME — NCT/C 

TUR#t0tTV.#I02MC/L 
DtS OXTOCN MO/l 

E;2330 — 

12.0101 . 

0.0002 

07*»2« — 

•1.0300 

•0.7201 

•079 310 

O.OOjo 

0.1113 

— — 

0,0211 

0.0032 

— #73330— 

0.7OSS 

0.0077 


IV. 

AMWIRTA 

HO/C 

S37IT0T — 


E7W1I — 

— 371783 — 

'~"fl ^ v7B£'~ 

'm 

11. 

NITRATE 

MS/L 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 


12. 


RM 

•10.0170 

8.0300 

•0.A1N3 

0.0100 

0.0300 


13. 

TOT ORC CARBOU HC/L 

rrmi — 

0 

9,Qfi«7 

— 1773B2 — 

— #733*3— 

OK 

10. 

CONOUCTIVITV 

mmmmo/CM 

2100.0010 

•2.3321 

0.0013 

71.1020 

0.OS3O 

m 


TCMRCRATUHERt 

DEG R 

•202.0000 

8.3010 

•0.0310 

0.3092 

0.OO23 

• 

10. 

■hihbncss 

Ms/L 

2337W57 — 

O'.TiTOl 

•070000 nr.oooo — 

0 f I iCi ' 

•i 

17. 

800 ruM 

H6/L 

•100.0117 

3.0200 

•0,0100 

0.3200 

0.72O1 



20. 

AMBIENT TE»R 

OEG R 

100.0027 

•0.1002 

o.oioo 

_^02S3 _ 

0.02#1_ 


'A 


T B CHTT HHICCUIIVg r i T R CTUC T 3 7I :BC( T1 «I8 IAl»lP C tni 


m 

CHA 

SENSOR 

UNITS 

AB 

At 


CORR. 


m 

t 

It 

HCfT 





“ERROR 

■COERKT 


•a 

1 . 

total biomass 

MIL C/ML 

•O.BIOT 

0 .C 7 B 7 

0 . 2 B 17 

8 . 2 T 0 B 



Z. 

^VIAR LT^ B I OM A S SH ft^CTHL 

• 1 .aVTv 

— #70002 

”#73021 

"O^TiAO*! 


m 

3 . 

RES CNLONINE 

• 0 /L 

• 0.1701 

0.3037 

0.3172 

0 .A 2 BO 



0 . 

TURS 1 OITV.S 102 MC/L 

0.1220 

0.7020 O.tAOl 

o.rooo 



A . 

n>IS OXVBIN 

TAG/C 

#73517 

0.5001 

0.0323 

"O.TOBO 



10 . 

ammonia 

MO/L 

• 0.1013 

0,0113 

0 . 2 O 0 O 

O.OOBO 



It. 

NITRATE 

MO/L 

0.0000 

O.OOBO 

0.0000 

O.OOBB 



12 . 

RM 

RM 

0.7212 

0 . 1 BO 7 

0.0323 

0.1303 


y 

13 . 

TOT ORS CARBON "C/L 

O.IOOR 

o.ooor' 

0.1122 

O.AOBS 



10 . 

CONOUCTIVITV 

mmmmo/CM 

O.OOTB 

^0027 

0.0221 

S.tOSB 



13 . 

TfMRCRATURCOI 

OEG R 

0 . 70 OO 

"* y; 97 r< — 

”078001 

0 .T 77 B 



10 . 

HARONERS 

MO/L‘ 

2 . 0 B 13 

0.1210 

0.1300 

•.2910 


t 

17 . 

SOOIUM 

» 0 /L 

0.3100 

0,7010 

0.0202 

0.7000 


m 

' 20 . 

ambient trmr 

DEG R 

O.OIIB 

“ 0,7702 

* 0,0030 

0.0227 



* 

■!] 
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i<(’ 


\i LINCA* CuKvC TIT RESULTS (T«AS * A|*x) 

u 


1 — 

CRa S^n jSi ^ufflTr 9 

It 

— n — 

“IfAMOANO 

'eoRR'; 

^SImnlE 


MO. 



EMOON 

COETP. 

StZI 

T 

n~T8 fir's td'MAss'"'JTr‘tf7Br“ 

— mos — 

s.issa 

— Ti^n — 

T.STfT 

SI 


1. VIASie tlOMAtSMIL C/ML 

s.ssas 

s.as7t 

s.aait 

s.aM«7 

sa 

Ji 

9. MIS CHLODINC mo/L 

o.isss 

S.ISSS 

S.7SS1 

s.isoa 

7S 

■f 

ff,"TU«itOITT-SIOJMO/L 

f.TSlR 

S.SllI 

i.saii 

s.sait 

ih 

U 

7, OtS OATOCM MO/L 

a.joaa 

S.SSSI 

1.0710 

s.7sia 

ST 


It. AMMONIA MO/L 

•s.ssss 

i.osia 

R.aass 

8.S17S 

70 ; 

m 

II. MITNITE W*A ■ ■ 

9 (009 9 0 • 0900 




•i 

ta. NM NM 

R.I7S7 

s.sasi 

S.71SS 

o.asss 

so 

« 

II. TAT Ate CANNON MO/L 

S.ssas 

S.SSTS 

a. loss 

O.SOIR 

70 

f« 

rtr"CONOUCTIVITT ■mmmmo7CR 

^**7SQ* ^8. 9181 

Al.OlSS 

TT.SSII 

. 

m 

IS. timncnaturcni oce p 

a7.ssss 

S.SISS 

I.KSS 

0.7SS1 

S7 

JM 

IN. HARONCSS MO/L 

iss.siss 

0.07aS 

aaa.Rsss 

J^MIS 

S7 

M 

nnooi UM 3K7C 

— njini — 

— 8;7s7J — 

l.SRAR 

sTTlrt 

SI 

M 

as. AMBIENT TEMN 0E6 P 

a.ssRs 

S.SSll 

S.SSS* 

s.sasi ' 

ISO 


m 

d 


M 

NAt< 

tSOLIC CURVE FIT RESULTS 

(TaAO * At*X 

* Aa«x*Ma) 




q 

CHS 

SENSOR 

UNITS 

AO 

At 

Aa 

STANOARO 

CORR. 


MO. 






ERROR 

COEFF. 

m 

1. 

total biomass 

MIL C/ML 

S.I9A] 

s.asoa 

S.SI93 

S.A9IS 

S.SISS 

w 

a. 

viable SIOMASSMIL C/ML 

s.isao 

S.1A70 

S.S7S0 

s.aaas 

s.asso 

p 

s. 

Tnrs TisuoRTva mo/l 

ilfin — 

•s.aiio 

“iT»A9T~ 

Of 7914 

O.aTss 

s. 

TURBIOITV-sisaMO/L 

i.isot 

S.STBO 

•s.saos 

1.SSS7 

S.llOO 


f. 

OIS OXVCEN 

MO/L 

l.ssis 

0.SSS9 

s.s9ia 

t.sias 

SiFAOS 


IS. 

ISmBSTI 

"W?C 

1 ,9sl0 

— JTTTW — 

S.SIS9 

J.sosI 



11. 

NITRATE 

NO/L 

s.ssss 

s.ssss 

s.ssss 



la. 

FN 

FN 

-s.sasi 

A.79SB 

-S.3A07 

S.S79a 

s.ssss 


IS. 

TOT ORC eiSOON MC/L 

nnrn — 

*9 o9979 

971 a:a 1 oi — 

S.ASAI 


IS. 

CONOUCTtVITT 

MVMMO/C** 

lass, SOSO 

-a.ssu 

S.SSIt 

sa.iiii 

S.SISS 

« 

19. 

TEMRERATURERI 

OEO P 

•ISa.SASS 

S.lllA 

•S.SISS 

S.SSAS 

S.SSAI 

« 

Is. 

"RWOnesS 

■mC7T 

ntTiTia 

•0 •9131 

s.soss aia.sisi 

^is^a 

n 

17. 

SOOIUM 

MO/L 

•its.assi 

a.7as9 

•s.sssa 

s.ssai 

S.TSIS 

so 

as. 

AMBIENT TEMN 

DEC F 

-11S.9SS9 

A. 3179 

•S.SI3I 

s.ssss 

s.sasA 

i 









r 

p 

tOOARITHMic CUMVC FIT RESULTS (LOeiVlaAS 
CNA SENSOR UNITS AS 

-At*too(k| I 
At 


CORR._ 



vn ^HOO* ^COEFTT 


s» 

1. 

total riohass 

MIL C/ML 

•S.ASSS 

S.SISI 

s.asia 

S.A99S 


3. 

9. 

9« 

^asle SIOMASSMIL e/Mt^ 
RES CHLORINE MO/L 
TURBIOITT-StsaMC/L 

^s.saaa — 
•R.iasi 

S.SS99 

— S.'SVSO — 
S.ASSO 
S.SISS 

S.ISSI 

s.aTss 

s.aii9 

i.'sAsf 

s.sssa 

s.assa 


7, 

~DIS"0XTGEH ftQK 

#;isas — 

s;st99 

S.SAT7 

S.TOaT 


IS. 

ammonia 

MO/L 

•S.S9S7 

S.ASSS 

S.1S91 

S.ASSS 


It. 

NITRATE 

MO/L 

s.ssss 

s.ssss 




la. 

FM 

FM 

S.AStI 

s.ioai 

S.0A9A 

s.aooi 

— 


TOT ORO CARBON MO/L 

S.SSSS 

S.AIIl 

S.IIAS 

S.AS1S 


is! 

CONOUCTIVITV 

mmmmo/Cm 

i.Tsas 

S.A9AI 

S.SISS 

A. 9971 



TENFERATUFE*! 

0E6 f - ■ • 

— s.sioa“ 

■' S70953 — 

STSS71-- 

~S.A117 

1 4 

is! 

NAFONf SO 

MO/L 

I.OISA 

s.aaas 

S.ISIS 

S.SSSS 

>4 


SOOIUM 

MO/L 

8,9017 

S.TIIS 

s.sisa 

S.7SS1 


— as. 

AMBIENT TtMF 

oro F 

S.SS17 

~ S.Slll — 

~ s.ssis -- 

— S.sasi 


jie6»e SI ! 0H_ « J 9_' g » »»» 
rSOM l*M#LC SflUKCC 1 TO S*Nn.C source • 


H 


(.INC** eu*ve riT rcsulti (t««o ♦ 


CKr 

SMSOO'—' 

-aNtf* — 

SI 

JO 

”STOlinA)lCf COPlT, 

lANPCC 

w, 

. 





CROON 

CDCPP. 

Size 

• . 

■msr‘aiot***8 

■«JC"C/MC 

VTSS09 0.DM5 

CS*'3l 

*;8ss< 


!• 

VUSLt OtOMSSSMIL C/Mt 

I.oots 

*.11*0 

*.1011 

*.23*0 

01 

9. 

tes cmlorimc 

MO/L 

O.SOPO 

t. '«I0 

*.90«* 

*.•00* 

•* 


TW0IDtTV«SI02MS/L 

T.7SOO 

*.9310 

l.oio*” 

*.•173 

1*7 


OtS 0IV6CN 

MC/l 

S.09I0 

*.*039 

l.*97* 

*.7901 

1*7 

IS. 

sm«ONU 

NO/I. 

-I.ONIS 

l.**00 

— or***s" 

7.077* 

*.*307 

T’ I 

»TT"NIT(«*Tf 

■MOVt 






PM 

PN 

S.70O0 

*.*300 

*.700* 

*.307* 

1*0 

IJ* 

TOT OPO eSROOM MO/U 

1.7*70 

0.9133 

I.9S2* 

o.oooo 

*0 


COMOOCTtVtTr 

NNMM<J7CN iOO.MOf 

O.OOOT 9171*93 

*.9l*« 

tn 


TCMPCtSTUPCPl 

oee p 

S9.S0SS 

*.*••* 

1.8039 

*.7010 

1** ' 


HtpoNfsa 

NO/I. 

219. J»3 

•.OOOI 

*3.0018 

•.0957 

*0 


lODlOP 

TtOTt 

i*#^474 

— 977*99 — 

• 7290* 

Q#74Vi 

ITfl 

10. 

APOItNT TtMP 

oce p 

10.1213 

*.*1*3 

*.•003 

*.*•** 

11* 

^MIAiOLIC cunve m RCSUkTS 

(TpSO * M*I 

« oa*x«*8i 




CMS 

ICMOS 

UNXTS 

*0 

01 

08 

OTOMOPO 

CORO.. 

M, 






CRtO* 

COCPP. 

1. 

T07M. PIOMSSt 

"lu C/m. 

*.•017 

o.li** 

•*.*893 

*.8901 

*.3*03 


VISOLC HOMMSMIL C/m. 

*,0OOO 

0.109S 

•*.*930 

•.|0*0 

*.8018 


■*o"cnc»iitoe~^/c 


■" 9.3090 

“S9T089* — 

*79900 *79* *o 

4« 

TVPOtOITT-SIOSMO/L 

M.S9S2 

*.I3*0 

•*.*1*3 

1.0030 

*.•28* 

7. 

DIS OXTOCN 

MO/U 

O.OSOO 

•O.IOOO 

*.0710 

1.018* 

*.77*9 


1 A 




979393 


■1 W LXOM 

11. 

NimTC 

NO/L 

•.*••• 

•.*«00 

*.00** 



IS. 

PM 


•*.2*87 

3.9*03 

•*.2S*3 

o,*oio 

0.0270 



“'""•.9109”” 

•O.OiaS 

41 HI 

X 1 *r T ■ 


CONDUCT tv ITT 

nmmmo/Cm 

t«20.3«0* 

•*.*079 

«.**«9 

91. *033 

*.9100 


TeMPCPSTURC*l 

0C6 P 

•17*. 797* 

*.1269 

•*.*371 

*.0900 

*.0730 

14# 

mpoNfsa 

•B07C 

— 11777970 

— r.>«57 — 

•«.00*9 

“Tl.08** 

9#4^42 

17. 

soeiuM 

NO/C 

•130,2103 

2. **92 

•4, *0*9 

•.1387 

*.7900 

SO. 

SMOUNT TCMP 

OCO P 

10. 3300 

*.*•*• 

*.**00 

0.0003 

*.*•** 


T B W>i T w r e ~e gwc Tn~ wmf T i 7 lb» mat v iirfincun 


r ■ 

CM* SCHtOR 

UNI71 

hhcdh 

01 

ITONpOPO 

CONN. 


u 

"hu# 




CRROP 



P 
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2. 

viiOLE HioakaaNiu c/mc 

o.ooto 

1.0340 

•o.ooto 

0.0030 

0.4030 

■ 

5. 

aES CMLoaiNt 

HC/t 

4.2440 

•0,0t«7 

0.0077 

0.1003 

0.0704 


1. 

TBBOIO I TY^IT2l»G7C 

TT^fl'G 

O.lOBV 

-o'TTnro’o 

3.7074' 

— 572oaa” 


7. 

Ota OXYGEN 

•<G/1. 

-1,7003 

1.3020 

•0.0324 

0.4233 

o.oaoo 

A 

to. 

amnomt* 

MG/L 

0.1407 

0.0471 

•0.0014 

4.0307 

0.0343 


12. 

PH 

■PH ” 

27^2X2 

— 27*WX 

#72004 

OTIM* — 

— #'.■770* 


13, 

TOl UNO COaOON NG/t. 

0.0344 

0.4402 

•0.0002 

1.2044 

0,5077 


10. 

CONOUCTTVITY 

"NM»*0/CN 

1212. 44tO 

-0.7734 

0.0404 

13.5023 

0.0003 


”15. 

^EHPEakTuatri^EGF 

IBB.orPO 


0«(llNA 

1.1T73 — 

270201 


14. 

HAB0NF33 

06/1. 

104. Oita 

0.3301 

0.0000 

03,4000 

0.7002 

m 

17. 

300IUM 

-6/t 

•141. 4027 

3.1010 

-0,0071 

1.0030 

4.0300 

4 


■n»aicNT”TE4a" 

“TJEG ■ r~ 

-I30:'312a 

— 5723*3 — 

”“•'070207 

O^oTOO 

— 2T071T” 


i 

LOCoaiTHNTc cuavE air aeain.Ta 

(LOG tY]P«* 

•01*L0G(X1 ) 




car 

aEoma oarra 


11 ■' 

~ST2W4ao 

■roaa; 


NO, 




tapoa 

cotaa. 

01 

1. 

^01. t oiONiOa I'lU &/—I. 

”«0','2!2S 

Q . 7404 

“"2TI313 

9 , tm 

a 

3. 

VI40I.E OlOPiai-IL C/NL 

•4,4204 

0.7177 

0.3007 

0.4902 

- 

3. 

aea CPLOatPC mg/u 

•0.7440 

0.0000 

0.3033 

0.5713 


4. 

■7U0BlOtTY-SI02N6/C 

0,2t50 

0.4010 

■”0.1541 

0,3302 


7. 

Dia oxygen mg/l 

4.0737 

0.0402 

0.0010 

o.oooo 


to. 

ommqnu no/L 

•4.1002 

0.0700 

O.330O 

0.0027 


12. 

•aa PM 

2 .7071 

— oioooi 

■”2; 0204 

'0 . 77401 


13. 

TOT OPG C4PP0N MG/L 

•0.4300 

4.7434 

0.1140 

0.5033 


to. 

ceonueriviTY pnmho/cn 

0.3201 

0.0000' 

0.0114 

0.0307 


13. 

TEPPEtiruPE*! nec a 

0,2200 

o.ooto 

0,0040 

0.0301 

►- 

to. 

NOtOMESS MG/L 

o.soot 

0.7401 

0.0007 

0.7224 


17, 

aootuM MG/L 

0.2730 

4.0710 

_0.0tl5 

0.4241 

(* 

2o: 

OPOIENT TEPa~6EG'a 

0,0720 ■“ 

2700 1 0 

■”#.0024 

0.0304 



HMMMt OW A«»KT»» pot 8 t> i, TO Ml It> »M| 

MO* lAi^C SOUHCt S TO S««»LK SOU«€K 0 


UNCAR eURVC PIT PtmTI (T>A« • At*l) 


CWa 

00, 

ilRiS* uoTTI 

Xi — 

— n — 

-~ifTM6arfc~ 

imioo 

' — 

eocpp. 

iZSii.1 

am 

1. 

■iiUMjrnrrm^-PirTM 

•tl»“- 

• •slo 


■fW> TTVI 

04 

1. 

VXAIII.C ItOxiSSMIL C/«L 

• tlOt-l . 

•.n«4 

• tSMl 

•.aaoa 

o» 

1. ffl CHtORTNf Nf/L 

I.»1V 1 , on* 

LJ.r.n f.JSTT 


i, VuPOT6rTT*sioa«(o/£ 

KilSf •, 1 TP! 

1.S4P4 

a,M«o 

iii 

T, 

OXS OirOlN MO/L 

• tlTM 


•.7«S« 

•.am 

lit 

\ 9 . 



l.POM . 

i.pn* - 

o.oTaa 


lit 

TinilATI KO/L 

TmX 

«,i6so 

o.ooo* 

•.•iaa 

4 


PM PM 

lt*M* 

•,T«TP 

•t27S« 

0.a9|4 

111 


TOT OPS CAPPMN NO/L 

j.Tpy* 

•.9023 


0.9444 

•f 


■EWbuCffvfTT 

nr^TOi 

i.lPO* 

sa.toia 

•.m4 

Ul 

u. 

HtPONCSO M«/t 

-iio.mfe 

2,432« 

242. asst 

0.S4T7 

40 



900IUM M8/L 

tt.lZIO 

•.•••1 

4.9140 

•.as«t 

104 


piMIOLK "SMVfHT IlllUVr 
CNo stNaop uNira 

(y*i4 « ii*k 

At 

At 

a _ 

ITAMOONO 

CON*. 

W7 






wwi ” 

COIPP. 

It 

TOTAL AXQMASa 

otL C/ML 

0.0T9T 

I.0234 

-0.9OO1 

0.3020 

0.2O05 

a. 



I, ails 


Of« — 

P7«W 

s. 

aca CHLOPiNC 

MC/L 

2 .ASas 

••,4407 

0.3394 

1.0404 

•.••23 

4. 

TUPtl6XTT»ai02MO/L 



•0.0090 



7. 

Dia OkTCCN 

T«7C 


A.4704 

MTW71L — 


rfvTf 

14. 

AMMONIA 

MOA. 

•4.9175 

I.9220 

•0.0020 

2.4423 

0.0703 


NITtATf 

MOA 

•.••00 

•.•••• 

0.0004 

O.OOOO 

O.OOOO 

Is: 

M 

Pm 

A.PIli 

“SitlitS 

S.i>4l 

CFtTP 

•Uu* 

13. 

TOT 000 CAOaON MO/L 

1.2U4 

0.7123 

-•.OITO 

1.1703 

0.9722 


COHOUCTIVITT 

MMMMO/CM 


KTCnLHi 


M 1 H .1 II M 

0.a«44 

14. 

1 1 1 1 1 1 


7a«.TI75 
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aooiuM 
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•.7aai 

O.OOOO 

4.9144 
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A4 

At 
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COtPP. 

1. TOTAL PX0MAS9 
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•0.2402 

0.4140 

0.20a2 

0.7009 

2, VIAOLC PIOMASSMIl C/A 

••.•911 

0.9794 

txjao? 

- 

3. >lis chlominc h4/i, 

•.ioTT^ 


iT>*94 

i.Siaa 

4. TUPatoi7vatc2M4A 

0.3090 

•.4910 

0.1409 

4. 4404 

7. 01.'^ 0IT6CN 
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•0.0120 

O.OOOO 
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M«yL 

•.0797^ 0.7040 

0.3201 
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O.OOOO 

0.0000 

O.OOOO 

•••OOO 

12. PM 

PM 

0.1022 

0^7990 

0.0104 

. 4.«932 

13 ,^87 oae ciNwr mstc 

0.2010 

O'^kOoi 

ir.i>93 

a.A440 

|4. CONOUCTIVXTT 

mmmmo/CM 

0.3790 

•.0709 

•.•too 

0. 7004 

14. MAPONCSa 

"•A 

0.3A1S 

0.0200 

0.2020 

0.9a79 

17. aooluM 

M4/L 

0.2030 

•.•703 

o.oiot 

•.•2oa 


top 
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UOC-»»OI»M*L OrSTBIBUTIONi APR I, IR79 TO APR 30, 1970 


n 

\ 


sample 

M0N7HLY 

ONE 

L0G(Y)«F(2) 


CHI 

sample 

SOURCE 

AVERAGE 

sigma 

SLOPE 


INTERCEPT 

square 

SIZE 

TETRACMLOR0ETH71.ERE 








0 

15A.7 

111.9 

0.A879E 

0 

0.2010E 

1 

9,0000 

20 

1 

A«,a 

60.1 

0.0057E 

0 

0.17I3E 

1 

12.5000 

20 

3 

31.9 

10.5 

0.37B1E 

0 

0.1309E 

1 

B.OOOO 

25 

A 

17,0 

10.9 

0,379 IE 

0 

O.llOOE 

1 

A .0182 

22 

s 

A, 2 

7.0 

0.3913E 

0 

0.A0A9E 

0 

1.1A29 

21 

A 

A. 7 

0,3 

0.A53AE 

0 

O.SAOIE 

0 

A. 0000 

2A 

ME7MVUENC CHLORIDE 








0 

220.7 

199.9 

0.A197E 

0 

0.2200F 

1 

1.5000 

20 

1 

25. S 

01. r 

0.S0O3E 

0 

0.1020E 

1 

2.5000 

20 

3 

lA.O 

21. A 

0.57B7F 

0 

0.8A09E 

0 

l.AOOO 

25 

A 

13.7 

19.9 

0.5703E 

0 

0.792IE 

0 

0.7273 

22 

5 

22.2 

7.0 

O.IAOOE 

0 

0.1322E 

1 

A.A7A2 

21 

A 

21,7 

A. 3 

0.13OAE 

0 

0.131BE 

1 

2.07A9 

2A 

1,2-OICHLOROETHVLENE 








0 

20.2 

70,2 

0.720AE 

0 

0.23A3E 

0 

A2.0C00 

20 

t 

AI.A 

10A.2 

0.A531E 

0 

O.IAAOE 

0 

70,5000 

20 

A 

10.1 

07.3 

0.5002C 

0 

O.IOAAE 

9 

78.A5AA 

22 

5 

0.1 

0.3 

0.1A50E 

-1 

0.3102E 

-2 

7A,a7A2 

21 

CHLOROFORM 








0 

31. A 

10.9 

0.230AE 

0 

0.10A7E 

1 

2.5000 

20 

1 

25.1 

5.5 

O.RASOE 

-1 

0.1389E 

1 

A. 5000 

20 

3 

10. A 

5.1 

0.1170E 

0 

0.125SE 

1 

4.0000 

25 

A 

ir.o 

3.7 

0.9395E 

-1 

0.1232E 

1 

3.A5A5 

22 

s 

5. A 

0.0 

0.3020E 

0 

0.A399E 

0 

A.952A 

21 

A 

5.0 

3.0 

0.2A2AE 

0 

0.A939E 

0 

5.5385 

2A 

1,1,1- 

TRICHL0R0S7HANE 








0 

175,9 

197,8 

0.105AE 

1 

o.iAioe 

1 

3.0000 

20 

1 

51,0 

03, A 

0.783OE 

0 

0.1330E 

1 

10.0000 

20 

3 

10. A 

10. A 

0.A103E 

0 

0.7298E 

0 

9.2000 

25 

A 

A. 3 

5.2 

0.OS55E 

0 

0.A3O3E 

0 

4.81A2 

22 

5 

0,0 

0.7 

0, 10O9E 

0 

0.7BAAE 

-1 

21.A191 

21 

6 

2.2 

T.7 

0.3138E 

0 

0.1007E 

0 

20.5385 

2A 

BRQmoOICHLOROMETHANC 








0 

2.9 

0.9 

0.1321E 

0 

0.05016 

0 

5.0000 

20 

1 

0.0 

1.2 

0.1599C 

0 

0.5733E 

0 

12.5000 

20 

3 

3.1 

1.2 

0.1S33C 

0 

0.AAA2E 

0 

5.2000 

25 

A 

2,0 

O.A 

0,l0t3E 

0 

0.A-377E 

0 

0.7273 

22 

5 

0,7 

O.A 

0.8S1AE 

-1 

0.37A0E 

-1 

30,1905 

21 

A 

1.3 

1.3 

O.taOBC 

0 

0.9150E 

• 1 

10.5385 

2A 


eop.. 
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J.OC-NOBMAt 0T8TRIPUT1ON. 


1«»79 TO APR JO, 1979 


sample 

MONTHLY 

ONE 

L06(Y)*F(Z) 


CHI 

sample 

SOURCE 

AVERAGE 

SIGMA 

SLOPE 


INTERCEPT 


SCUARE 

SIZE 

trichloroethylene 








0 

74.6 

40,3 

0.2P61E 

0 

0.1795E 

1 

6.5000 

20 

1 

26.5 

20.3 

0.3141E 

0 

0.131BE 

1 

4.0000 

20 

3 

12.4 

8.2 

0.3053E 

0 

0.9986E 

0 

2.0000 

25 

4 

B.2 

5.2 

0,2955E 

0 

0.8269E 

0 

11.6364 

22 

s 

2.2 

2.7 

0.3206E 

0 

0.1968E 

0 

14.9524 

21 

4 

2.3 

3.3 

0.3412P 

0 

0.1B20E 

0 

29.7692 

26 

OIBROHOCHLOROMETHANE 








0 

0.2 

0.3 

0.H250F 

-2 

0.1845E 

•2 

70.5000 

20 

t 

1.5 

0,4 

0.1091E 

0 

0.1728E 

0 

6.5000 

20 

3 

1.9 

0.5 

0.1107E 

0 

0.1560E 

0 

f>,4000 

25 

4 

1.4 

0.2 

0.6690E 

-1 

0,156SE 

0 

1.6364 

22 

S 

0.7 

0.2 

0.1907E 

•1 

0.5612E 

•2 

65.9048 

21 

6 

0.9 

0.4 

0.9349E 

•1 

0,2O22E 

-1 

33.6154 

26 

BROMOPORM 








0 

3.4 

2.4 

0.2745E 

0 

0.4404E 

0 

1.5000 

20 

1 

1.7 

0.6 

0.1264E 

0 

0,2218E 

0 

2.0000 

20 

3 

5.0 

15.3 

0.J494E 

0 

0.3242E 

0 

29,6000 

25 

4 

1.9 

0.5 

0.tlt4E 

0 

0.2695E 

0 

3.9091 

22 

5 

1.1 

0.4 

0,7839E 

-1 

0,A151E 

•1 

3,0476 

21 

6 

1.5 

1.7 

0.2061E 

0 

0.1161E 

0 

4,0000 

26 

TRIHALOMETHANES 








0 

3B.1 

16.1 

0.1801E 

0 

0.1546E 

1 

1.5000 

20 

1 

32.2 

6.1 

O.SJtlE 

-1 

O.tSOlE 

1 

3.5000 

20 

3 

20. 1 

IB. 3 

0.1610E 

0 

0.1409E 

1 

5.2000 

25 

4 

23.6 

4.1 

0.7798E 

-1 

0.1366C 

1 

0.2727 

22 

5 

S.l 

5.6 

0.2318E 

0 

0.6410E 

0 

7.8095 

21 

6 

0.5 

6.5 

0.2043E 

0 

0.9188E 

0 

8.2308 

26 

TOTAL 

HALOCARBQNS 








0 

698.2 

490.1 

0.3872E 

0 

0.2708E 

1 

2,5400 

20 

t 

245.6 

194.7 

0.3286E 

0 

0.2281F 

1 

6.5000 

20 

3 

99,0 

49.6 

0.2332E 

0 

0.1940E 

1 

4,4000 

25 

4 

7B.9 

4S.7 

0.2329E 

0 

0.1836E 

1 

6.1818 

22 

5 

39,5 

12.8 

0.1279E 

0 

0.1578E 

1 

1.6190 

21 

6 

42.3 

24.2 

0,l74tE 

0 

0,15«4E 

1 

9,0000 

26 


GAS CHROm'I'OGRAPH REGRESSION ANALYSIS FOR APR 1. 1979 TO APR 38. 1979 
FROn SAm.E SOURCE 0 TO SATPLE SOURCE 1 

1 


LINEAR CURVE FIT RESULTS (Y-AO ♦ A1*X) 


CAL 

CIWOUHO 

A8 

A1 

STANDARD 

CIWR. 

SAm£ 

NO. 




ERROR 

COEFF. 

SIZE 

1. 

tetrachloroethyleic 

13.6885 

8.3566 

16.1634 

0.9293 

20 

2. 

NETHYLENE CHLORIDE 

6.S537 

8.8666 

27.7585 

8.4299 

18 

3. 

CARSON TETRACHLORIDE 

8.8888 

6.0868 

0.0888 

8.0088 

8 

4. 

1 . 2-D ICHLOROETHYLENE 

8.8888 

8.0808 

0.8000 

0.0880 

0 

9. 

CHLOROFORM 

22.7212 

8.8381 

5.6183 

8.2126 

20 

S. 

I . 1 . 1-TR ICHLOROETHANC 

24.2778 

8.1816 

22.0835 

0.8678 

16 

7. 

8ROMOS ICHLOROrCTHANE 

2.6789 

B.4420 

1.1396 

8.4228 

19 

8. 

TRICHLOROETHYLENE 

>1.5588 

8.3784 

12.9699 

0.7696 

20 

9. 

MBROrDCHLOROrCTHANE 

l.»58 

0.10I8 

0.3407 

0.6398 

10 

18. 

8ROMOFORM 

1.6768 

-8.0881 

8.6193 

8.8972 

28 

11. 

TRIHALOMETHANES 

29.8771 

8.0478 

6 4478 

0.2298 

28 

12. 

TOTAL HALOCARBONS 

76.1989 

8.1969 

L^.6918 

0.7938 

20 

PARABOLIC CURVE FIT RESU.TS <Y-A8 A1«0( 

♦ A249(«2> 




CAL 

COmiUND 

AB 

A1 

A2 

STANDARD 

CORR. 

NO. 





ERROR 

COEFF. 

1. 

TETRACHLOfiOETHYLENE 

13.6598 

8.3551 

8.M88 

16.1634 

8.9293 

2. 

rCTHYLENE CM.OR1DE 

21.8851 

-8.0545 

8.8881 

26.5809 

8.5821 

3. 

CARBON TETRACHLORIDE 

8.8888 

0.0888 

0.0880 

0.8880 

8.0888 

4. 

3 .2-D ICHLOROETHYLENE 

8.8888 

0.8880 

8.8888 

0.0888 

0.W88 

S. 

chloroform 

29.8387 

-8.4586 

0.8871 

5.3893 

0.3«5 

f. 

1 . I. I>TR ICHLOROETWRC 

16.3832 

8.2868 

-0.0882 

21.1365 

8.8796 

7. 

brqmddichloromethane 

3.3421 

8.8888 

0.8645 

l.im 

8.4248 

8. 

TRICHLOROETHYLENE 

11.6621 

-6.1151 

0.0033 

12.8919 

0.8835 

9. 

D IBROMOCHLORCRCTHANE 

8.1379 

6.1082 

-4.3886 

8.2733 

8.7874 

18 ~ 

BROMOFORM 

1.5239 

3.8892 

-0.8887 

0.6164 

8.1369 

11. 

TR1HM.OMETHANES 

43.6637 

-8.7292 

0.8089 

6.1011 

8.3895 

12. 

TOTAL NALOCARK3NS 

37.9438 

0.3453 

— a MMUi 

63.2845 

0.8168 

LOGARITHniC CURVE FIT RESULTS 

(LOGCY3-A8 fAim.OGCX3) 




CAL 

COmMNO 

AB 

At 

STANDARD 

CDRR. 


NO. 




ERROR 

COEFF. 


1. 

TETRACHLOROETHYLENE 

8.0942 

0.8853 

8.1531 

8.9491 


2. 

METHYLENE CHLORIDE 

-8.8254 

0.8274 

8.4444 

8.7248 


3. 

CAR80N TETRACHLORIDE 

8.8888 

8.8888 

8.0888 

0.8888 


4. 

1 .2-DICHLOROETHYLENE 

0.8888 

0.8888 

A IRUIBFR 

0«Ol9VI9 

8.8808 


S. 

CHLOROFORM 

1.3889 

-0.8895 

0.1085 

0.0878 


s. 

1 . 1 . 1 >TR IChLOROETHANE 

-8.8243 

8.7934 

0.1824 

0.9124 


7. 

BROMOD 1 CHLOROMETHANE 

8.3875 

0.4167 

0.1514 

0.3475 


8. 

TRICH..OROETHYLENE 

-8.3515 

8.9312 

0.1586 

0.B783 


9. 

D IBROMOD«.OROrCT>WNE 

8.2642 

0.0858 

8.8799 

0.6638 


18. 

6R0M0F0RM 

8.1411 

0.1128 

8.1780 

8.2821 


11. 

TRIHALOrCTHAHES 

1.4463 

8.8228 

■'8.8921 

8. 1095 


12. 

TOTAL 1WL0CAR6ONS 

8.3556 

0.6978 

0.1648 

0.8568 
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CAS CHAOMATOGRAf>H REGRESSICW ANALYSIS FOR APR 1. 19F9 Ta* APR 1979 
FROM SATPLE SOURCE 1 TO SATPLE SOURCE 3 


LINEAR CURVE FIT RESULTS (Y-AO * A1«X) 


CAL 

CQTPOUND 

AB 

A1 

STANDARD 

CORR. 

SATPLE 

NO. 




ERROt 

COEFF. 

SIZE 

1. 

TETRACHLOROETHY1.ENE 

7.3943 

8.3142 

11.3381 

8.7604 

23 

2. 

rCTHYLENE CHLORIDE 

4.9843 

8.4817 

14.7889 

0.7533 

19 

3. 

CARBON TETRACHLORIDE 

8.88M 

8.8088 

8.8888 

8.80m 

0 

4. 

1 . 2-D ICHLOROETHYLENE 

8.8888 

8.8888 

8.0088 

8.8088 

0 

3. 

CHLOROFORM 

7.4191 

8.4587 

4.2844 

8.3433 

23 

S. 

1.1,1-TRICHLOROETHANE 

3.8898 

8.1897 

3.9397 

8.8966 

18 

7. 

8ROMOD ICHLOROMETHANE 

8.6949 

8.6354 

8.9388 

8.6817 

22 

S. 

TRICHLOROETHYLENE 

4.8121 

8.2937 

3.6229 

8.8484 

23 

9. 

D IBROMOCHLOROMETHANE 

1.3823 

0.1721 

8.4386 

8.1984 

23 


BPOMOFORM 

23.4878 

-11.5563 

14.3494 

8.4838 

22 

11. 

TRIHALOrCTHANES 

28.6898 

-8.8123 

18.7822 

8.8252 

23 

12. 

TOTAL HALOCARBONS 

28.6748 

8.3366 

32.1783 

8.7598 

23 

PARA60L1C CURVE FIT RESULTS (Y-AB * A1«X 

•f A2iiO«<Me) 




CAL 

COtPOUND 

AB 

A1 

A2 

STANDARD 

CORR. 

NO. 





ERROR 

COEFF. 

1. 

TETRACHLORIKTHYLENE 

3.1346 

8.5888 

-8.8813 

11.2477 

8.7741 

2. 

rCTHYLENE CHLORIDE 

B.3137 

0.8828 

8.8823 

14.2838 

8.7723 

3. 

CARBtW TETRACHLORIDE 

8. 8880 

0.8888 

8.8888 

0.8888 

8. MOO 

4. 

1 .2-DICHLOROETHYLENE 

8.8880 

8.8888 

8.8888 

8.8888 

8.8888 

5. 

CHLOROFORM 

28. 1373 

-8.6449 

8.8225 

4. 1337 

8.3645 

S. 

1 . 1 . 1-TR ICHLOROETHANE 

2.9632 

0.2321 

-8.8883 

3.9882 

8.8983 

7. 

BROMOD I CHLOROMETHATC 

-8.1787 

1.1884 

-8.8594 

8.9498 

8.6187 

8. 

TRICHLOROETHYLENE 

1.3669 

8.4881 

-8.8822 

3.3218 

8.8744 

9. 

D IBROMOCHLOROMETHANE 

1.6485 

-8.3114 

8.1974 

8.4378 

8.2875 

18. 

8ROMOFORM 

73.3384 

-71.8833 

16.8699 

12.3877 

8.6271 

11. 

TRIHALOTCTHAHES 

27. 1836 

8.8823 

-8.8815 

18.7828 

8.0255 

12. 

TOTAL HALOCARBONS 

45.2872 

8.8991 

8.8866 

31.6986 

8.7674 

LOGARITHMIC CURVE FIT RESULTS 

(L0GCY3-A8 

4A|a4.0GCX3> 




CAL 

COrPOUNO 

AB 

A1 

STANDARD 

CORR. 


NO. 




ERROR 

COEFF. 


1. 

TETRACHLOROETHYLENE 

-8.1382 

8.8599 ' 

8. 1884 

0.9282 


2. 

rCTHYLENE CHLORIDE 

-8. 1847 

8.9239 

8.3355 

0.8947 


3. 

CARBtW TETRACHLORIDE 

8.8888 

8.8808 

8.8888 

8.8888 


4. 

1 . 2-D ICHLOROETHYLENE 

8.8888 

8.8880 

8.8888 

8.8888 


9. 

CHLOROFORM 

8.4746 

8.5674 

8.8968 

8.5537 


8. 

1 . 1 . t-TR ICHLOROETHANE 

-8.8263 

8.6873 

8.1113 

8.9338 


7. 

BROMOD ICHLOROIPTHANE 

-8.8862 

8.8438 

8.8919 

0.8134 


8. 

TRICHLOROETHYLENE 

-8.8459 

8.7898 

8.1558 

0.8789 


9. 

D IBROMOOR.OROME THANE 

8.1625 

8.1188 

8.8951 

8.1558 


18. 

6R0M0F0RM 

8.5537 

-8.9368 

8.3237 

8.7428 


11. 

TRIHALOrCTHANES 

8.9563 

0.3842 

-8. 1639 

8.2765 


12. 

TOTAL HALOCARBONS 

8.5666 

8.6129 

0.1531 

8.8894 
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GAS CHROnATOGRAPH REGRESSION ANALYSIS FOR APF U 1979 TO APR 30, 1979 
FROn SATPLE SOURCE 1 TO SAMPLE SOURCE 4 


LINEAR CURVE FIT RESULTS (Y-A8 A1«X) 


CAL 

COrPOUND 

AB 

A1 

STANDARD 

CORR. 

SATPLE 

NO. 




ERROR 

CCCFF. 

SIZE 


■ •■••.'•R0E7MYLENE 

2.157S 

8.1896 

4.9222 

0.8537 

22 


.-cNE CM-ORIDE 

4.6291 

8.3698 

13.6972 

0.7492 

19 


:^<R80N TETRACW.ORIDE 

8.8808 

8.8888 

8.8808 

0.8M8 

8 

4. 

).2-DICHL0R0ETUYLENE 

8.8888 

8.8808 

8.8608 

0.0008 

0 

S. 

CHLOROFORM 

4.34S9 

8.5223 

2.2221 

0.7960 

22 

S. 

l.l.l-TRICHLOROETHAUE 

3.8852 

8.8843 

2.1206 

8.8776 

18 

7. 

BROMOD ICHLOROMEtHANE 

1.2289 

8.4262 

0.2858 

0.8815 

21 

S. 

TRICHLOROETHYLENE 

1.8771 

8.2225 

1.8605 

0.9184 

22 

9. 

MBROrOCHLOROrETHANE 

1.2644 

8.1581 

8.1412 

0.5128 

22 

10. 

BROMOFORM 

1.3432 

8.3886 

8.2975 

8.6800 

21 

n. 

TRIHALOMETHANES 

7.6276 

8.4993 

2.6491 

8.7788 

22 

12. 

TOTAL HALOCARBONS 

48.4344 

8.1684 

44.4588 

0.4824 

22 

PARAOOLIC CURVE FIT RESULTS (Y-AO A1«X + A2«N««2) 




CAL 

COtPinjND 

AB 

A1 

A2 

STANDARD 

CORR. 

NO. 





EmOR 

COEFF. 

1. 

TTTRACHLOROETHYLENE 

8.1493 

8.2784 

-0.8886 

4.7688 

0.8648 

2. 

rCTHYLENE CHLORIDE 

7.4123 

8.1411 

0.8816 

13.6242 

8.7605 

3. 

CARBON TETRACHLORIDE 

8.8808 

8.8888 

0.8888 

8.0808 

0.8000 

4. 

1 .2-0 ICHLOROETHYLENE 

8.8888 

8.8888 * 

8.8000 

0.0880 

8.0880 

5. 

CHLOROFORM 

-1.7281 

1.8281 

-8.8188 

2.2856 

8.7994 

S. 

1 . 1 . 1-TR ICH.OROETHANE 

2.8724 

8.1278 

-0.0803 

2.8606 

0.8848 

7. 

BROMOD ICHLOROrCTTWNE 

1.1148 

8.4888 

-8.0879 

0.2853 

8.8819 

8. 

TRICHLOROETHYLENE 

8.8982 

8.2911 

-0.8088 

1.7920 

0.9245 

9. 

D IBROMOCHLOROrCTHANE 

1.4691 

-8.1285 

0.8933 

8. 1394 

8.5381 

10. 

BROMOFORM 

1.8687 

8.7161 

-8.8982 

0.2945 

0.6888 

11. 

TRIHALOMETHANES 

1.2389 

8.9186 

-8.8066 

2.6336 

8.7739 

12. 

TOTM. HALOCARBWS 

7.8118 

0.6481 

-8.0811 

43.1337 

0.4594 

LOGARITHniC CURVE FIT RESULTS 

(L0GCYT-A8 

•*A1»L0GCX3) 




CAL 

COrPOUND 

AO 

A1 

STANDARD 

CORR. 


NO. 




ERROR 

COEFF. 


1. 

TETRACHLORISTHYLENE 

-8.3489 

8.8286 - 

8.3434 

0.9448 


*• 

rLTHYLENE CHLORIDE 

-8.2261 

8.9287 

0.3523 

0.8365 


3. 

CARBON TETRACHLORIDE 

8.8808 

0.8808 

o.oeee 

0.8880 


4. 

1 . 2-D ICHLOROETHYLENE 

8.8888 

0.8888 

0.0800 

0.0808 


9. 

CHLOROFIKM 

8.1779 

0.7593 

0.0557 

0.8078 


S. 

1.1. 1-TR ICHLOROETHANE 

-8.8749 

0.5614 

0.1058 

0.9182 


7. 

BROMOD ICHLOROrCTHANE 

8.1619 

0.5123 

8.8425 

0.8875 


8. 

TRICHLOROETHYLENE 

-8.3121 

0.8484 

0.1187 

0.9315 


9. 

D IBROMOCHLOROrCTHANE 

8.1534 

8.1324 

0.0420 

8.4599 


18. 

BROMOFORM 

8.2383 

0.3125 

8.8653 

0.6595 


11. 

TRIHALOrCTHANES 

8.3428 

0.6841 

■0.8487 

8.7878 


12. 

TOTAL HALOCARBONS 

8.5483 

8.5721 

8.1684 

8.7441 



ORiGir'i^.L PAGE IS 
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CAS CHROmTOGRAPH REGRESSION ANALYSIS TOR APR U 1979 TO APR 38. 1979 
FROn SAff»L£ SOURCE 1 TO S<m£ SOURCE 5 “ ' 


LINEAR CURVE FIT RESULTS tV-A8 ♦ Ali«X) 


CAL 

COrt»OUND 

A8 

A1 

STANDARD 

CORR. 

SAr«>LE 

NO. 




ERROR 

COEFF. 

SIZE 

1. 

TETRACHLOROETHYLENE 

2.3298 

8.8351 

5.6711 

8.3873 

21 

2. 

rETHYLENE CHLORIDE 

23.8529 

-8.8415 

9.4897 

8.3294 

19 

3. 

CARBON TETRACHLORIDE 

8.8888 

8.8888 

8.8868 

8.8888 

8 

4. 

1.2-DICHLOROE7HYLENE 

8.M88 

8.8888 

8.8886 

8.8888 

8 

S. 

CHLOROFORM 

9.2824 

-8.8343 

2.5184 

8.3271 

21 

6. 

1. 1. 1-TRICHLOROETNANE 

1.2286 

-G.8818 

8.5854 

8.4129 

16 

7. 

BROMOD ICHLORO^ETHANE 

8.7839 

8.8161 

8.3117 

0.2827 

14 

e. 

TRICHLOROETHYLENE 

1.2782 

8.8146 

1.8925 

8.3268 

21 

9. 

D IBROMOCHLOROrETHANE 

8.6947 

8.8846 

8.1518 

0.4891 

21 

18. 

BROnOFORM 

8.6833 

8.3422 

8.5858 

0.5738 

21 

11. 

TRIHALOrETHANES 

7.5824 

-8.8218 

2.9221 

0.4809 

21 

12. 

TOTAL HAL0CAR8ONS 

38.6494 

-8.8872 

18.7663 

8.2533 

21 

PARABOLIC CURVE FIT RESJLTS CY-AB + A1*N 

+ A2«0«m«) 




CAL 

C07P0UND 

A8 

A1 

A2 

STANDARD 

CORR. 

NO. 





ERROR 

COEFF. 

1. 

TETRACHLOROETHYLENE 

8.8772 

8.1365 

-6.6887 

5.480 

8.3985 

2. 

rETHYLENE CHLORIDE 

25.4473 

-8.1986 

6.8611 

5.8891 

8.4569 

3. 

CARBON TETRACHLORIDE 

8.8888 

8.8888 

8.8868 

0.8068 

8.8808 

4. 

1 . 2-D ICHLOROETHYLENE 

8.8888 

8.8888 

8.8688 

0.0000 

8.0008 

5. 

CHLOROFORM 

-12.2748 

1.4179 

-8.8286 

2.3878 

0.4383 

6. 

1.1.1-TRICHLOROETHANE 

1.2961 

-8.8647 

0.8868 

8.5845 

8.4158 

7. 

BROMOD ICHLOROMETHANE 

8.4756 

8.1456 

-0.8163 

0.3890 

0.3089 

8. 

TRICHLOROETHYLENE 

8.7128 

8.6548 

-0.0804 

1.8704 

8.3572 

9. 

D IBROMOCHLOROrETHANE 

8.5764 

8.1573 

-0.8467 

0.1515 

0.4916 

18. 

BROMOFORM 

8.3359 

6.6638 

-0.0872 

0.5834 

0.5770 

11. 

TRIHALOMETHANES 

-16.5548 

1.5343 

-0.0241 

2.7424 

8.5683 

12. 

TOTAL HALOCARBONS 

27.7277 

8.1587 

-0.8004 

10.1197 

0.4161 

LOGARITW1IC CURVE FIT RESULTS 

(LOGCY3-A8 4AtaLDGCX]) 




CAL 

COMPOilHD 

A8 

A1 

STANDARD 

CORR. 


NO. 




ERROR 

COEFF. 


1. 

TETRACHLOROETHYLENE 

-8.5488 

8.6233 ■ 

8.2449 

8.8468 


2. 

METHYLENE CHLORIDE 

1.4126 

-8.M85 

0.1243 

0.3188 


3*.- 

CARBON TETRACHLORIDE 

8.8888 

8.8886 

. 0.8880 

- 0.8800 - 


4. 

1 . 2-D ICHLOROETHYLENE 

8.8888 

0.8888 

8.8880 

8.8008 


5. 

CHLIWOFORM 

8.3187 

8.1958 

0.2523 

0.4945 


S. 

1,1. 1-TRICHLOROETHAHE 

8. 1569 

-8.1316 

8.3678 

0.4946 


7. 

BROMOD ICHLORO*ETHANE 

-8. 1937 

8.8652 

8.2059 

0.4833 


8 . 

TRICHLOROETHYLENE 

-8.2489 

8.2668 

0.2435 

0.7374 


9. 

D IBROMOCHLOROrETHANE 

-8. 1753 

8.8928 

0.1875 

8.4967 


18. 

f ‘ CM. '’O' M 

-8.8A23 

8.4868 

8.2196 

8.6509 


11. 

TRIh^OrETHANES 

8.5562 

8.1662 

0.1674 

0.5983 


12. 

TOTAL HALOCARBONS 

1.5969 

-8.0187 

8.1183 

8.3838 
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GAS CHAOmTDCRAPH REGRESSION ANALYSIS FOR APR 1. 1979 TO APR SB. 1979 


FROn SATPLE SOURCE 1 TO SAMPLE 

SOURCE 6 





LINEAR CURVE FIT RESULTS (Y-A6 

♦ AI«0O 





CAL 

COTPOtWO 

AB 

A1 

STANMRD 

CORR. 

SWPLE 

NO. 




ERROR 

COEFF. 

S12E 

1. 

TETRACHLORKTHYLENE 

2.4539 

6.6128 

3.3844 

B.6793 

23 

2. 

rCTNYLENE CHLORIDE 

22.B959 

-B.B2S4 

4.2909 

B.2716 

20 

S. 

CARSON TETRACHLORIDE 

B.BBBB 

B.BBBB 

B.BBBB 

B.BBBB 

B 

4. 

1 .2-DlCHLOROETHYLEHE 

B.BBBB 

B.BBBB 

B.BBBB 

B.BBBB 

B 

9. 

CNLOROFORM 

4.8S94 

-B.B212 

1.8337 

8.9448 

23 

C. 

1. 1 . 1-TRlCHLOROETHANE 

I.B139 

-B.8629 

B.5193 

B.9137 

17 

7. 

BROnOD ICHLOROrCTHANE 

B.198B 

8.1994 

B.3613 

B.6813 

22 

•. 

TRICHLOROETHYLENE 

B.9B77 

6.8669 

B.92B4 

8.7967 

23 

9. 

D IBROnOCHLOROrCTHANE 

B.72B9 

8.BSB3 

B. 1647 

8.3419 

22 

It. 

BROMOFORM 

B.2122 

6.9198 

B.392S 

8.7123 

22 

n. 

TRIHALOTETHANES 

7.1661 

8.8B12 

2.3460 

B.62S9 

23 

12. 

TOTAL HALOCARBONS 

39.6179 

-B.884B 

7.8541 

B.6634 

23 

PARABOLIC CURVE FIT RESULTS (Y-AB * A1«X * A2«X«te;) 




CAL 

COrPOUND 

AB 

A1 

A2 

STANDARD 

CORR. 

NO. 





ERROR 

COEFF. 

I. 

TETRACHLOROETHYLIDC 

1.B169 

8. 8467 

-B.8B82 

3.3629 

B.6844 

2. 

rCTHYLENE CHLWIM 

23.6BBB 

-6.8964 

B.BBB5 

4. 1643 

6.3333 

3. 

CARBON TETRACHLORIDE 

B.BBBB 

B.BBBB 

B.BM8 

8.8880 

B.BBBB 

4. 

1 .2-D ICHLOROETHYLENE 

B.BBBB 

B.BBBB 

B.BBBB 

B.BBBB 

8.8888 

9. 

CHLOROFORn 

B.9557 

8.3179 

-B.BB69 

1.9185 

B.5546 

C. 

l.l.l-TR!CHLOROrrHA»C 

1.B638 

-6.B846 

B.BBBB 

8.5187 

8.9139 

7. 

BROnOD ICHLOROrCTHANE 

6.4B87 

8.B843 

8.6145 

B.368B 

8.6841 

B. 

TRICHLOROETHYLENE 

B.S796 

8.B388 

-B.BBB3 

8.9827 

8.7674 

9. 

D IBROnOCHLOROrCTHANE 

B.67B8 

8.1^ 

-B.BI99 

8.1646 

B.342S 

IB. 

BRortroRti 

B.7S41 

-6.1266 

B. 1747 

8.3836 

8.7276 

11. 

TRIHAU^CTHANES 

-1.8974 

B.68S1 

-B.8B96 

2.3856 

8.6423 

12. 

TOTAL HALOCARKWS 

28.94B8 

8.B843 

-B.B8B2 

7.9746 

8.6923 

LOGARITHTtlC CURVE FIT RESULTS 

(LOGCY3-AB 

•HUaCOGCNT) 




CAL 

COrPOUND 

AB 

A1 

STANDARD 

CORR. 


NO. 




ERROR 

COEFF. 


I. 

TETRACHLORtKTHYLENE 

-B.276B 

8.3986 - 

B.2769 

8.8554 


2. 

rCTHYLENE CHLORIDE 

1.3518 

-B.8I41 

B.B8S2 

8.1BB8 


3. 

CARBON TETRACHLORIDE 

B.BBBB 

8.8BBB 

B.BBBB 

B.BBBB 


4. 

1.2-D ICHLOROETHYLENE 

6.8BBB 

B.BBBB 

B.BBBB 

8.8888 


9. 

CHLOROFOm 

B.6842 

-B.8622 

B. 1998 

8.5946 


C. 

1 . 1 . 1>TR ICHLOROETHANC 

B.8186 

-B.1324 

B.3B69 

8.7978 


7. 

BROnODICHLOROrCTHAHE 

-B.^19 

B.6294 

B.15I3 

B.734B 


B. 

TRICHLOROETHYLENE 

-6.2363 

B.16B9 

B.1B69 

B.8896 


9. 

D IBROrOCHLOROrCTHANE 

-B.8996 

B.132B 

B.B7S4 

8. 4286 


IB. 

BROrOFORM 

-B.122S 

B.59B9 

8.1781 

B.66BS 


11. 

TRlHALOrCTHANES 

B.2219 

B.4B91 

..8.1792 

0.6883 


12. 

TOTAL HALOCARBONS 

1.5376 

-6.BB61 

B.8928 

8.6988 
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GAS CHROnATIMRAPH REGRESSION ANALYSIS FOR Af>R 1. 1979 TO AFR 30. 1979 
FROn SATPUE SOURCE 3 TO SAMPLE SOURCE 4 


LINEAR CURVE FIT RESULTS (Y-A9 * A1MN) 


CAL 

COrPOUND 

AO 

A1 

STANDARD 

CORR. 

SATPLE 

NO. 




ERROR 

COEFF. 

SIZE 

1. 

TETRACHLOROETNYLENE 

-0.174B 

8.5781 

2.5754 

0.9710 

24 

2. 

rETHYLENE CHuORlDE 

0.0235 

0.8289 

6.9791 

0.9369 

21 

I. 

CARSON TETRACHLORIDE 

0.0000 

0.0800 

0.0800 

e.raoo 

0 

4. 

1 . 2-D ICHLOROETHYLENE 

0.0000 

0.0000 

0.0800 

0.0800 

0 

9. 

CHLOROFORtI 

10.0151 

0.3791 

3.1964 

0.5117 

24 

S. 

1. 1. 1'TRlCHLORnrTNANE 

1.1112 

0.4550 

0.8790 

0.9800 

18 

7. 

BROraO ICHLOROrCTNANE 

0.7011 

8.6911 

0.3150 

0.8645 

23 

0. 

TRICHLOROETHYLENE 

0.7034 

0.5791 

1.6494 

0.9446 

24 

9. 

D IBR0N0CHL0R07ETHANE 

0.7761 

0.4809 

0.1690 

0.6903 

24 

10. 

BROnOFORN 

1.9466 

-0.0047 

0.4524 

0.2334 

23 

11. 

TRIHALOrCTHAHES 

23.1097 

-0.0809 

4.2578 

0.8039 

24 

12. 

TOTAL HALOCARSmS 

40.4151 

0.2921 

44.4632 

0.3176 

24 

PARABOLIC CURVE FIT RESULTS (Y-AO * A1«N * A2«NiM2) 




CAL 

COrPOUND 

AO 

A1 

A2 

STANDARD 

CORR. 

NO. 





ERROR 

COEFF. 

1. 

TETRACNLOR(KTHYt.ENC 

0.6220 

0.4697 

8.0816 

2.5820 

0.9726 

2. 

^E'mYLENE CHLORIDE 

1.6947 

0.6137 

0.0028 

6.7243 

0.9416 

3. 

CARSON TETRACHLORIDE 

O.OMO 

0.0000 

8.0800 

8.0000 

O.OMO 

4. 

1 . 2-D ICHLOROETMYLEHE 

B.BOOe 

o.ooee 

0.0800 

0.0000 

0.08M 

9. 

CHLOROFOU1 

-12.5998 

2.7862 

-0.8597 

2.5766 

0.7214 

6. 

I . I . I>TR ICH1.0R0ETNANC 

0.2606 

8.5948 

-8.0043 

0.8311 

0.9822 

7. 

SROnOD ICHLOROrCTHANE 

0.9682 

0.5585 

0.8220 

8.3151 

8.8652 

0 . 

TRICHLOROETHYLENE 

0.2296 

0.6608 

-0.0025 

1.6333 

0.9457 

9. 

D IBROnOCHLOROnETHANE 

0.8267 

0.3636 

0.0538 

0.1686 

0.6918 

10. 

BROnOFORN 

0.5046 

0.8131 

-0.0102 

0.3806 

0.5752 

11. 

TRIHALONETHANES 

4.6842 

0.9515 

-0.8873 

3.2003 

8.6596 

12. 

TOTAL HALOCARBONS 

48.9806 

0.2800 

0.0801 

44.4628 

0.3176 

LOGARITWIC CURVE FIT RESULTS 

(LOGCY3-AO 

■»Al«LOaX]) 




CAL 

COTPOUND 

AO 

A1 

STANDARD 

CORR. 


NO. 




ERROR 

COEFF. 


1. 

TETRACHLOROETNYLENE 

-0.1852 

8.9555 

0.0497 

0.9932 


2. 

rCTHYLENE CHLORIDE 

-0.8137 

0.9365 

0. 1369 

0.9747 


3. 

CARBON TETRACHLORIDE 

0.0000 

0.0000 

0.8000 

8.0800 


4 . 

1 . 2-D 1 CHLOROETHYLENE 

0.0000 

0.0000 

0.0000 

0.8000 


9. 

CHLOROFORN 

8.6163 

0.4828 

0.0774 

S.5904 


S. 

l.I.l-TRICHLOROETHATC 

-0.0592 

0.8228 

0.8442 

0.9860 


7. 

BROrOD ICHLCROrCTHAHE 

8.1524 

0.6344 

0.0585 

0.0160 


0. 

TRICHLOROETHYLENE 

-0.8799 

0.8955 

0.0611 

0.9793 


9. 

D IBROrtlCHLOROrCTHANE 

0.1196 

0.2903 

8.8592 

0.6786 


It. 

BROnOFORn 

0.2716 

-0.0880 

0. 1189 

0.0395 


11. 

TRlHALOrCTHANES 

1.2038 

0.1084 

•^0.0802 

8.2298 


12. 

TOTAL HALOCARBONS 

0.6542 

0.6061 

0.1801 

0.6737 



D-31 


CAS CHROnATOGRAAH REGRESSION ANALYSIS rt»t APR I. 1979 TO APR 36. 1979 
PROrt SATKE SOURCE 4 TO SAm£ SOURCE S 


LINEAR CURVE PIT RESULTS (Y-A8 A1«X) 


CAL 

CONPOUND 

AB 

A1 

STANDARD 

COIR. 

SATPLE 

NO. 




ERROR 

COEFF. 

SIZE 

1. 

TETRACHLORIKTHYLENE 

-1.4173 

8.4476 

4.7269 

6.7879 

23 

a . 

rCTNYLENE CHLORIDE 

23.B983 

-6.6917 

6.1972 

6.2948 

26 

3. 

CARBON TETRACHLORIDE 

6.6688 

8.6666 

6.6688 

8.6666 

6 

4. 

I.a-DICHLOROETNYLENE 

6.6866 

6.6666 

6 . 8 n 8 

6.8666 

6 

9. 

CNLOROPORfl 

1.6936 

6.2243 

4.4288 

6.1999 

23 

6 . 

1.1. 1-TRICHLOROETNANE 

1.B962 

8.6618 

8.9894 

6.3969 

16 

7. 

BROnOD ICHLOROrCTHANE 

1.36SB 

-6.1934 

6.4636 

6.2442 

16 

B. 

1RICHLOROETHYLENE 

B.2846 

6.2481 

2.1981 

6.4885 

23 

9. 

DIBROnOCHLOROTETHANE 

1.1SB6 

-6.2919 

8.1686 

6.4668 

23 

IB. 

BROraFWN 

B.6796 

6.27B6 

8.9941 

6.9146 

22 

11. 

TRlHALOrCTHArCS 

5.4341 

6.1171 

5.1635 

8.1189 

23 

12. 

TOTAL HALOCARBONS 

37.6778 

6.6199 

12.1117 

6.1626 

23 


PARABOLIC CURVE FIT RESULTS (Y-AB * Al«( ♦ A2«»Cm2) 


CAL 

COmUND 

AS 

A1 

A2 

STANDARD 

CORR. 

NO. 





ERROR 

COEFF. 

1. 

TETRACHLOROETHYLENE 

8.4838 

6.1513 

8.8677 

4.9678 

6.73m 

2. 

NETNYLENE CHLORIDE 

29.8769 

-6.5131 

8.6859 

5.3525 

6.9568 

3. 

CARSON TETRACHLORIDE 

6.6668 

8.8666 

8.8888 

o.oom 

8 . 08m 

4. 

1 . 2-D ICHLOROETHYLENE 

8 . 8 m 8 

6.6666 

8.88m 

e.8om 

6.8m0 

9. 

CNLOROPORfl 

21.1113 

-2.1865 

8.8666 

4.3677 

8.2935 

6. 

1 . 1 . 1-TR ICNLOROETHANE 

1.8619 

-6.2263 

8.0134 

8.5549 

6.5045 

7. 

BROnOD ICHLOROrCTHANE 

2.6666 

-6.6914 

8.0964 

0.46m 

8.2682 

8 . 

trichloroethylene 

-6.1538 

8.3343 

-0.0644 

2.1927 

8.4924 

9. 

DIBRONOCHLOROtCTHANE 

2.9389 

-3.1178 

1.0725 

0.1484 

6.6243 

IB. 

BROhOPORN 

2.4678 

-1.7719 

8.5657 

0.5762 

8.5556 

11. 

TRlHALOtCTHANES 

14.4383 

-6.6874 

8.8174 

9.1538 

8.1333 

12. 

TOTAL HALOCARKINS 

35.3212 

6.6678 

-6.8662 

12.8843 

8.1225 

LOCARIDtIlC CUR>€ FIT RESULTS 

(L0GEY3-A8 <*Al«tJ0GCX3) 




CAL 

corrajND 

AS 

A1 

STANDARD 

CORE. 


NO. 




ERROR 

COEFF. 


1. 

TETRACHLOROETHYLEHE 

-6.38. 

6.8834 

8.2894 

8.89m 


2. 

MTIMYLENE CHLORIDE 

1.419» 

-6.1246 

0.1359 

8.4915 


3. 

CARSON TETRACHLORIDE 

8.6688 

6.8666 

o.oom 

o.emo 


4. 

1 , 2-D ICHLOROETHYLENE 

6.6666 

8.0666 

o.eom 

o.oom 


9. 

CNLOROPORfl 

-6.6613 

6.5213 

0.2974 

8.3233 


6. 

1.1. 1-TR ICHLOROETHANE 

8.0817 

-6.0789 

0.3785 

8.4797 


7. 

BROnOD ICHLOROrCTHANE 

6.8573 

-6.3469 

8.2361 

0.2242 


8 . 

TRICHLOROETHYLENE 

-6.3192 

6.9910 

8.2694 

0.6918 


9. 

D IBRONOCHLOROrCTHANE 

-6.8714 

-6.4978 

8.1096 

0.4849 


16. 

BRONOPORN 

-6.6484 

6.2616 

0.2294 

8.5796 


11. 

TRIHALOrCTHANES 

8.3924 

6.3668 

.•6.2197 

8.3697 


12. 

TOTAL HALOCARBONS 

1.5146 

8.0316 

0 . 12 m 

0.2391 



D-32 


CAS CMmmToamm rcgacssion analysis for afr t. is^ to aar n. ists 

FROn SAm.E SOURCE S TO SAff»LE SOURCE 6 


LINEAR CURVE FIT RESULTS (Y-M * Al>iAO 


CAL 

CONFOUND 

AS 

A1 

STANDARD 

CORR. 

SAm.E 

NO. 




ERROR 

COEFF. 

SIZE 

1. 

TETRACHLOROETHVLENE 

I.7RSS 

0.541S 

5.6570 

0.5610 

24 

2. 

rriNYLENC CHLORIDE 

11.B3S5 

0.4096 

4.3869 

0.6159 

24 

3. 

CARSON TETRACHLORIDE 

R.BRRR 

R.OROe 

0.8080 

o.otioe 

8 

4. 

1 .2-DICHLmOETHYLENE 

B.BBBB 

o.Boee 

0.0800 

0.0800 

8 

S. 

OLOROFORN 

3.17EI 

R.2719 

2.4711 

8.5199 

23 

S. 

1. 1. 1-TRlCHLOROCTHANC 

-2.1F33 

2.7576 

1.1714 

0.9920 

17 

/. 

SRONOD ICHLOROrCTHANE 

-R.RB94 

1.2S46 

0.6043 

8.0907 

17 

t. 

trichlcwoethtlene 

B.3SI4 

0.5983 

2.6570 

d.5026 

24 

s. 

DIBROnOCNLOROrETNANE 

>B.B1SR 

1.1604 

0.2435 

0.8287 

23 

IR. 

RRONOFORN 

•R.REBR 

0.9478 

0.5426 

0.9503 

23 

11. 

TRIHALOfETHANES 

S.6BB5 

R.5R23 

5.9174 

0.4695 

24 

12. 

TOTAL HALOCARBONS 

-2.7754 

1.0822 

18.9517 

0.5905 

24 

FARABOLIC ClA^E FIT RESULTS (Y-AR * A1*X 4 A2«)0m2) 




CAL 

CC: FOUND 

AR 

A1 

A2 

STANDARD 

CORR. 

NO. 





ERROR 

COEFF. 

1. 

TETRACHLOROETHYIENE 

-R.6667 

1.3797 

-6.8312 

5.4255 

8.6087 

2. 

rCTHVLENE CHLORIDE 

25.1221 

-0.8766 

0.0321 

3.9838 

0.6845 

3. 

CARSON TETRACHLORIDE 

B.BRRR 

o.eeoo 

O.RSOO 

0.8080 

0.8880 

4. 

t .2-D ICHLOROETMYLENE 

S.BBBR 

8.8000 

8. 0800 

0.8000 

0.0000 

S. 

CHLOROFORN 

-5.2619 

1.3699 

-0.8516 

1.9371 

0.7427 

R. 

1.1. 1-TR ICHLOROETHANE 

B.B464 

0.4996 

8.1443 

0.2612 

0.9996 

f. 

RROnOD I CHLOROTETHANE 

1.2473 

-0.6322 

0.3409 

8.4140 

0.9614 

R. 

TRICHUMIOETHYLENE 

-2.3631 

3.3160 

-0.2744 

2.1292 

8.7211 

S. 

D IBROnOCHLORONETHAHE 

1.2B67 

'1.4878 

1.1115 

0.1437 

6.9439 

IR. 

BROnOFORN 

R.B597 

8.8158 

8.0968 

0.3804 

0.9759 

11. 

TRlHALOrCTHAHES 

-5.6317 

2.5382 

-0.0724 

5.1823 

0.6341 

12. 

TOTAL HALOCARBONS 

-36.6588 

2.6330 

-0.8159 

18.6339 

0.6006 

LOCARITWIC CURSE FIT RESULTS 

(LOGCYl-AR 4A14L0GCX3) 




CAL 

COMPOUND 

AR 

A1 

STANDARD 

CORR. 


NO. 




ERROR 

COEFT. 


1. 

TETRACHLOROETMYLEIC 

-R.8248 

0.8387 

0.2390 

0.8999 


2. 

MTINYLEHE '^fl.ORIDE 

S.85R1 

0.3746 

0.0821 

0.5646 


3. 

CARBON It ACHLORIDE 

s.eeoR 

0.0008 

0.8800 

0.0008 


4. 

1.2-DlU- HOETHYLEHE 

S.SRBR 

0.8680 

8.8808 

0.M08 


S. 

CHLOROF,^ 

B.2946 

0.4982 

0.1641 

8.7743 


S. 

1 . 1 . t>TR ICHLOROETHANE 

-R. 1230 

1.1735 

0.1877 

0.9647 


r. 

BRONOD ICHLORONETHAHE 

0.0667 

0.4900 

0.2892 

0.6063 


R. 

TRIDR.ORKTHYLENE 

-0.0023 

8.7722 

0.2290 

0.8537 


S. 

D IBRONOCHLOROTETHANE 

0.B04S 

0.5633 

0.8981 

8.6424 


IR. 

BRONOFORN 

-0.0203 

8.7449 

0.1513 

0.8521 


11. 

trihalokthanes 

0.2755 

0.6766 

8.1885 

0.6937 


12. 

TOTAL HALOCARBONS 

R.11R9 

8.9141 

8.1210 

0.7196 




D- 

33 

■mill II 




LOG-NORMAL PISTRIRUTIONI APR 


I, l«»79 TO APR 30, 1979 


sample 

MONTHLY 

ONE 

L06(Y)«P{2) 


CHI 

SAMPLE 

SOURCE 

AVERAGE 

SIGMA 

SLOPE 


INTERCEPT 


SQUARE 

SI7E 

total biomass 








• 

3<\B 

3.4 

0.5B77E 

-1 

0.14B2E 

1 

23,3750 

16 


iB.3 

3.4 

0.114SE 

0 

0.1141E 

1 

2.0000 

25 

3 

5,B 

3.1 

0.1880F 

0 

0.B986C 

0 

7.3793 

29 

A 

2.4 

O.B 

O.920OE 

-1 

0.3BBSE 

0 

23.BI54 

26 

S 

2.7 

0.9 

0.98'>BE 

-1 

0,4l7ir 

0 

S.BOOO 

25 

0 

2,5 

0.7 

0.9035E 

"1 

0.3877E 

0 

23.9310 

29 

viable 

BIOMASS 








• 

5.9 

B.4 

0,7849E 

0 

0.4S64E 

0 

8.8333 

12 

1 

3,4 

l.B 

0.2029E 

0 

0.4880E 

0 

3.BOOO 

25 

3 

l.B 

2.1 

0,S040E 

0 

-O.tllSE 

0 

3.428B 

28 

« 

1.5 

•.3 

o.BoaoE 

0 

•0.B321E 

0 

4.SB3B 

22 

5 

0,9 

2.7 

0.5299E 

0 

-0.671BE 

0 

14,3333 

24 

B 

0,4 

O.B 

0.403BE 

0 

•0.BB24E 

0 

3,3333 

30 

RES OILORINC 








B 

0.1 

0.0 

0.B269E 

-3 

•O.IOOOE 

1 

32.0000 

8 

1 

14.2 

4.7 

0.1544E 

0 

0.9V93E 

0 

9,5714 

14 

3 

B.O 

3.1 

0.4940E 

0 

0.B594E 

0 

15,2457 

14 

4 

5.2 

0.9 

0.85SBE 

•1 

0.704SE 

0 

2.1BB7 

12 

f 

1.1 

2.3 

0.4824E 

0 

-0.3B90E 

0 

35.07B9 

13 

* 

2.3 

0.8 

0.3725E 

0 

0.2819E 

0 

16,6667 

15 

TURBIOITY-SIOZ 








0 

•9,3 

15.3 

0.3475E 

0 

0.1B32E 

1 

49.8261 

23 

1 

21.2 

11. 0 

G.22B3E 

0 

0.1274E 

1 

2. 0769 

26 

3 

12.3 

4.2 

0.2505E 

0 

0.'044P 

1 

29,0000 

30 

4 

13.7 

B.l 

0.29B4E 

0 

0.I0B5E 

1 

19,8519 

27 

5 

4.3 

3.1 

0.212BE 

0 

0.57BBE 

0 

9,0000 

26 

B 

3,1 

1.0 

0.1423E 

0 

0.4B70E 

0 

3.3333 

30 

TOT 0R6 

CARBON 








0 

54.) 

17.1 

0.1275E 

0 

0.t7l4E 

1 

11.5000 

20 

1 

14. B 

5,9 

0.1394E 

0 

0.! 140C 

1 

6.0000 

24 

3 

13.2 

7.0 

O.IBSBE 

0 

0.1081E 

1 

2,8000 

25 

4 

11.9 

B.4 

0.16B9E 

0 

0.1038E 

1 

2.4348 

23 

5 

5,1 

4.9 

0.4773E 

0 

0.5051E 

0 

0.5833 

24 

B 

5,1 

5.1 

0.4514E 

0 

0.513BE 

0 

0.5385 

26 


top,. 


D-34 


LOG-NORMAL OISTRIBUT lONt APR 1979 TO APR 30» 1979 


SAMPLE 

MONTHLY 

ONE 

L06(Y)»F(Z) 


CHI 

sample 

SOURCE 

AVERAGE 

SIGMA 

SLOPE 

INTERCEPT 


SQUARE 

SIZE 

ammonia. 

0 

27,9 

4.4 

0.6925E -1 

0.1440E 

1 

2.0696 

■*3 

1 

19.2 

4.3 

0.9900E -1 

0.1273E 

1 

7.4615 

26 

3 

19,9 

4,7 

0.1104E 0 

0.1205E 

1 

3.6667 

30 

« 

19.4 

5,4 

0.1340E 0 

0.I269E 

1 

8,0000 

25 

5 

17,5 

5.0 

0.1346E 0 

0.1225E 

1 

9,6000 

25 

6 

PH 

17,1 

4.0 

0.1295E 0 

0.1214E 

1 

3,6667 

30 

0 

7,2 

0.3 

0.1722E -1 

0.0563E 

0 

6.3470 

23 

1 

7,0 

0,3 

0.1629F -t 

0.0469E 

0 

4,7692 

26 

3 

7,3 

0.3 

0,1S47E -1 

0.0649E 

0 

3.6667 

30 

4 

7,6 

0.2 

0,I173E -I 

0.0794E 

0 

6.5105 

27 

5 

7,4 

0,3 

0.1565E -1 

0.9699E 

0 

4.7692 

26 

7,2 

CONDUCTIVITY 

0.2 

0.1451E -1 

0,S503E 

0 

4.3333 

30 

0 

1471,4 

73.5 

0.2215E -1 

0.3167E 

1 

2.4340 

23 

1 

1466,0 

69.2 

0.2035E -1 

0.3166E 

1 

5.9231 

26 

3 

1525,4 

49.6 

0.1445E -1 

0.3103E 

1 

0,3333 

30 

4 

1537.3 

64,0 

0.1520E -1 

0.3106E 

1 

3,5556 

27 

5 

1541,0 

65.5 

0.1045E -1 

0.3180E 

1 

2.0462 

26 

6 

1562,5 

73,0 

0.2019E -1 

0.3193E 

1 

6,3333 

30 

HARDNESS 

0 

36.2 

16,9 

0.2186E 0 

0.1512E 

1 

0.0750 

16 

1 

425.5 

264,0 

0.2301E 0 

0.2565E 

1 

2.50G0 

20 

3 

279,5 

04,7 

0.1231E 0 

0.2029E 

1 

0,1667 

24 

4 

300,4 

94,1 

0.1317E 0 

0.2450c 

1 

2,5714 

21 

5 

210,6 

73.3 

0.1251E 0 

0.2321E 

1 

2,0000 

20 

6 

307.0 

05,4 

0,n02E 0 

0.2471E 

1 

6.0333 

24 


EOF,, 


FROM SFMFue SOURCe 0 TO S*mF{.E source 1 




1 


I 


f 


I 

i 


I 


LINEAR CURVE FIT RESULTS (TaAO ♦ At*X) 


CNR 

NO. 

SENSOR UNITS 

40 

At 

ERROR 

CORR. 

COEFF. 

SAmRlC 

SIZE 

I. 

total OlOMASS mil C/ML 

4.S4R2 



0.2562 

10 

I. 

viable RIOMASSMtL C/ml 

•,S5«4 

•O.OSS3 

2.1674 

0.4S7* 

to 


RES ChlORJME mC/L 

A*7il 1 

^.10(18 O.TiIJ 


R 

4. 

TURStOITY*StOEMC/L 

R^'4550 

4.2460 

10 . *10* 

0.342* 

21 

♦ . 

TOT 0R6 CARSOKMO/L 

10.73*1 

0.0642 

S.4430 

0.2527 

20 


AMMONIA MG/L 

O-.eOBT 

0.3RS6 


0.3723 

21 

ifT 

■rn 

nT#oi 

4.464T 

0.240S 

0,4*62 


13. 

TOT ORG CARBON m«/l 

O.SOOO 

4.0000 

0.4004 

0,0040 

0 

1 «. 

conductivity MM»*«0/CM 

IOB0.414S 


HDKiZ^Hi 



14. 

MANONCSS MO/L 

77.J443 

4.2S6* 

226.1157 

0.54*0 

to 

IT. 

SODIUM MC/L 

ES.tOS* 

0.7423 

0.7510 

0.6745 

21 


RARA80LIC CURVE FIT RESULTS tY»*0 ♦ tf « ♦ «2*X««EI 


CHA 

NO. 

SENSOR 

UNITS 

AO 

41^ 

42 

STANOARO 

ERROR 

CORR.. 

Mcrr.. . 


t. 

total StOMASS 

MIL C/ML 

130.520* 

•0.4044 

0.1467 

3.4378 

0.4251 


2. 

viable biomassmil c/ml 

4.2134 

0.1228 

•4.4478 

2.i;50 

4.443* 


5. 

■TOTWlWI'WE 


I.7»ii 

0,4000 

0.4000 

o.tsis 

4.67*4 


4. 

TURBI0ITY-SI02M6/L 

6.4333 

4.3351 

•0.0014 

10. 8**7 

0.3455 


*, 

TOT 0R6 CARBONMC/L 

7.7637 

0.1867 

•0.0008 

3. *3^3 



13. 

w rr nrm 




•4.4227 

4.1654 

0.3844 


12. 

BH 

FH 

•30.8204 

10.0400 

•0.4431 

0.2241 

0.5760 


1 3 • 

TOT ORO CARRON MO/L 

4.0000 

4.0000 

0.0044 

0.4004 

0.0040 



CONDUCTIVITY 

mmmmO/CM 

10747.4400 

•13.2115 

0.00*7 

30.70*5 

0.4425 


14 I 

MARONESS 

MO/L 

•42.0247 

17.4877 

•4.0*** 

225. <4*6 

0,5601 


17. 

SODIUM 

MC/L 

24,522* 

0.7766 

•0.0401 

*.7503 

0.B745 

■1 ■ 


Ldei*!TUN(C CU*VE F{. results (LaCCVJaAO *At*’_OCtXli 


CNA 

SENSOR 

UNITS 

A4 

At 

STANOARO 

CORR. 


NO. 





ERROR 

COEFF. 


1. 

TOTAL 6IOMA3S 

MIL C/ML 

4. 4**1 

4.43*6 

4,136* 

4.1427 


2. 

vitOLcnridMAssMiL C/ML 

0.5466 

•o.o'isT 

0.2187 

0.21*5 


3. 

RES CHLORINE 

MC/L 






4. 

TUR8IOITY-.SI02MC/L 

0^44*6 

0j3*21 

0,1*2* 

0.4407 



TOT ORG CAR80NMG/L 

5,4*a7 

0.3*16 

6.1336 

0,3*4* 


tol 

AMMONIA 

MO/t 

0.5383 

4.5164 

0 . 0*45 

0.3331 


12. 

PH 

PH 

0j*175 

0,5013 

0.01*4 

0.5663 



tot ORC CARSON HC/L 

0,4000 

0,0440 

o.Vooo 

0.4000 


1*. 

CONDUCTIVITY 

hmmmo/Ch 

2.3*02 

0,2*15 

0.01*1 

0,3*87 


14. 

hardness 

H«/L 

1.441* 

0,423* 

0.1434 

6.4*05 



SODIUM 

mcTl 

r;«33 

0,***2 

4.0572 

0.6*11 
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g geagaaioN *w»LTSt8 f o n t. HTt to 4M io, i9Tf 
F«OM sample source 1 TO SAMPLE SOURCE S 


LINEAR CURVE RIT RESULTS (YrAO * At»X) 


CHA 

NO, 

SENSOR 

UNITS 

AO 

At 

STANDARD 

ERROR 

CORR. 

COCER. 

SAmrlE 

SIZE 


t. 

total RIOMASS 

NIL C/HL 

1.3RS0 

0.007* 

I. *070 

0.550* 

2S 


2. 

VIARLB niONASS^lL C/NL 

0.32RR 

0.1S20 

1.R017 

O.*570 

23 


E. 

RES chlorine MC/L 

L.AJII 

R.*R*R 

E.SJ*1 

0.710* 

U 


A. 

TUR»IOtTY-SI02HO/L 

A.A513 

0.2*30 

3.353* 

0.***2 

2* 



TOT 0R6 CARRONMO/L 

•2.7700 

I.ooso 

2.0300 

0.0070 

2* 





1.3R32 

0.03a3 

2.10*1 

M II U 1 — 

Z4 




RH 

R.OlOO 

0.«927 

0.2050 

0.5O7S 

2* 



TOT ORC CARRON H«/L 

0.0090 

0.0090 








7S1.2RR1 _ 

0.00*3 


a-**3« 

2* 



HARDNESS 

»6/L 

ISA.031A 

9.2*00 

*2.1757 

0.05*5 



it! 

snotuM 

HO/L 

5.57RR 

0.0723 

*.ssoo 

9.05** 

2* 

— 


RARABOLie CURVE FIT RESULTS (Y»A< ♦ A 1 «X » Aa>X««aT 


CM* 

NO. 

SENSOR 

UNITS 

AO 

At 

12 

STANDARD 

ERROR 

eORR, 

eOEEE. 


• D 

TOTAL biomass 

MIL C/ML 

*.521* 

•0,000* 

0.00*0 

1.R051 

0.5*00 



VIASLE RIOmASSHIL C/mL 

•l.2**5 

0.01** 

•0.0733 

1.3770 

0.«0*1 



'res CHLORI'nE 

M«/L 

•0.52*1 

3.1030 

•0.1*1* 

9.5229 

0.7*«0 


•• 

TUR0IMTY-S192H0/L 

0.0*05 

0.7*0* 

•0.0000 

2.04*5 

0.7*10 


» • 





2.*303 



10. 

ammonia 


•7.00** 

I. 02*1 

•0.0251 

2.0330 

0.0035 


1*« 


RH 

*.**1* 

•1.1103 

0.1130 

0.20*7 

o.soo* 


1 V • 

TPT ORe CARSON H6/L 

0.0000 

0.00*0 

0.00*0 




1 " • 

CONDUCTIVITY 

hhmhO/CH 

••2R0.3300 

7.3220 

•0.0023 

55.3025 

0.7312 



HARDNESS 

M6/L 

10*. *050 

0.2132 

0.0000 

*2.1070 

0.0550 



SODIUM 

H«/L 

13.0*0* 


...iA99lL- 

*.*070 

_ 0.0550 

— 


LOSARITHMIC CURVE FIT RESULTS 

(LOC(YI*AO 

<^Al*LOC(Xl ) 



CM* 

sensor units 

AO 

At 

STANDARD 

_»!*. 

NO. 




ERROR 

COEFF. 

1. 

total biomass MIL C/ML 

0.30*7 

0.20*0 

0.1171 

0.*7«0 

2. 

viable RIOMASSHIL C/HL 

•0.750* 

0.0130 

0.3*30 

0.0200 

5. 

RES chlorine M8/L 

0.0*00 

0.7*42 

0.0*30 

0.720* 

*. 

TURRI0ITI<S102Me/L 

-0.11*0 

0.0020 

0.1703 

0.77*0 

0. 

TOT ORC CAROONM^/t. 

-0.15*0 

1.003R 

0.1120 

0,0007 

10. 

ammonia mc/L 

0.0272 

0.9770 

0.0*70 

9.000* 

12. 

»M 

0.«T70 

0.**3R 

0^0.122 

, 0.5B01 


TOT ORC CARBON MG/L 

.0.0090 

0.0000 



1*. 

CONDUCTIVITY MMHHO/CM 

1.0072 

0.007* 

0.0100 

0.*T51 

1*. 

HARDNESS »«/L 


0.30*0 

O.POOO 

0.031* 


SODIUM *C/L 



0.1*0* 

0.O13* 

0.0*03 

0.9*4* 
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»CC»e8S10N iWUTSIS row 4M 1, t<Tf TO *M S9, KTf 

r»0M sample source 1 TO stM^^c source • 


LINEAR CURVE FIT RESULTS (Ya*0 * Al«l] 





t 

CMS 

NO. 

SENSOR UNITS 

AO 

At 

stanparo 

ERROR 

CORR. 

COEFF. 

SANFWE 

SIZE 


t. 

TOTAL SIOMASS NIL C/*«L 

t.siae 

0.0205 

0.3002 

0.3050 

20 


E. 

ViARLE OtONASSMIL C/NL 

2.1020 

-o.ioso 

*.3702 

0.070* 

20 


5. RES chlorine ho/L 

•0.ATT2 

J.TISO 


8...AA32 

12 


R. 

TURRI0ITY>SI02H6/L 

0.0050 

0.3002 



*.2001 

0.*551 

25 


R. 

TOT ORS CARtONNO/L 

•I.ITSO 

0.0075 

3.302* 

0.0*00 

23 


10. 

AMHON 1 A MO/L 

I.IR5S 

0.0215 

2.7227 

d.ssss 

23 


it: 

RH 

01*1 

0.203^ 

0.1013 

0,3151 

25 


IS. 

TOT 0R8 CARRON Mfi/L 

0.0000 

0.0000 

0.0000 

0.0000 

0 


IR. 

CONDUCTIVITY hhhhO/Cn 

_i53i20«0 

0.0*77 

37. *027 

e.7**3 



1*. 

HAROnCSS 3«/l 

100.0000 

0.23*1 

*0.5*05 

0,k«00 

to 


IT. 

SOOIUN MO/L 

I0.0S35 

0.0232 

10.0007 

0,0240 

25 

* 


RAR400LIC CURVE FIT RESULTS 

(T«AO * A1*X 

* A2*x*«2) 




CHA 

SENSOR UNITS 

AO 

*1 

A2 

S7AN0AR0 

CORR.. . 

NO. 





ERROR 

COEFF.. 

1. 

TOTAL RIONASS **IL C/*H. 

2.02*0 

•0,1273 

0.0050 

0.370* 

0.0277 

2. 

_ 

VIARLE RIONASSNIL C/NL 

0.200* 

0.7730 

•0.00*0 

*.3020 

0.1113 


tiettwl b R me ~»iS7c 

1 .'62S8 

0.2*02 

o.oiJo 

o.sTso 

0.0030 


TURSt0ITY<SI02MC/L 

-2. 3001 

1.1000 

•0.012* 

3,2001 

0.0153 

0. 

TOT ORC CAROONMO/l 

13.0300 

•0.7003 

0.0300 

2.5*50 

O.Olii 

■' lit. 

"IBn<5nU n57C 


srisTf 

•0.0312 

2.0277 

0.0*02 

12. 

PH PH 

30.1735 

•0.1771 

o.*««« 

0.1777 

0.4702 

13. 

TOT ORC CARRON MC/L 

0.0000 

o.ooon 

0.0*00 

0.0000 

0.0000 

12.' 

■RiNttD'CTfvlTY 5HHM0/tN 

•^IST.SZOO 

ftTJo? 

•0.00 it 

30.2035 

0.7*00 

10. 

HARDNESS NO/L 

1*0.7753 

0.32*0 

•0.0*00 

00.3070 

0.A71O 

IT. 

SOOIUN N6/L 

*0.7330 

•0.1132 

0.0050 

7.0077 

0.0*02 


LOCiRITHRIC CURVE ^IT RESULTS (LOd{T)aAO *i|*I.OGtX)i 


CHA 

SENSOR UNITS 

A0 


stanparo 

COR*. 

nS7 




error 

COEFF. 

«. 

TOTAL RI0NA3S NIL C/NL 

0.2077 

0.1215 

O.OAIA 

0.O7I* 

2. 

"SiTIlI RIONASSHIL C/NL 

• i.oTo? 

0.2221 

0.8317 

0.77*8 

5. 

RES CHLORINE HC/L 

•0,3751 

1.1*25 

0.0520 

0.77*0 

0. 

TUR0I0ITY.SI02HC/L 

•0.1787 

t^*4*2 

OjJ 72* 

8.7723 

0. 

TOT 0*G CARRONNC/L 

0.1177 

0,00*0 

0.122* 

0,*787 

to. 

ANMONI* HC/L 

•0.027* 

1.0127 

0.0752 

0.817* 

12. 

RH. RH 

0.*727 

0.2175 

0.011 1 

9.30** 

13. 

Tot 0*6 CARsdN nc/l 

0.0000 

o.oodo 

0.0000 

0,0‘*00 

1*. 

conductivity N*»hho/CN 

t.ioio 

0.0371 

0.41*5 

O.T'.-* 

10. 

HARDNESS N«/L 

Ij*7*5 

0,3*75 

0.07*1 

0.0852 

' 17, 

SOOIUN NC/L 

2.10*1 

*■.*777 

0.0**0 

0.8*13 


0-38 


■tciigsaiON «MtLT3ia rati «»» t. i»Tt to «pa zo, i<7< 
FRO" SAWFLC SOURCE 1 TO SRMRLC SOURCE S 


LINCSR CURVE FIT 

RESULTS (TnAO * At«S) 






CHA 

NO. 

SENSOR 

UNITS 

AO 

At 

STANOARO 

ERROR 

CORR. 

COEFF. 

SAMFLE 

SIZE 


>. 

TOTAL tXOMASS 

NIL C/NL 

2.2107 

0.0210 

0.200* 

0.5217 

23 


2. 

VIASLE SinwASS"lL C/"L 

0.S7T2 

O.OOAT 

2.5701 

*.0**2 

23 



RES chlorine Hfi/L 

o.soso 

_Jlfl.0ilO 

0.017* 

0.04*0 

11 


R. 

TURBIOITT-SI02HC/L 

•O.70R5 

0.232* 

t.siot 

0.11*1 

2« 


*. 

TOT 0R6 CARDONMO/L 

•f .7000 

0.105* 

2. *20* 

0.022* 

22 


10. 

AMMONfi 





0.7B7T 



U. 

■>"h 

PH 

1.0040 

0.OIO5 

o.tooo 

0.0511 

20 


11. 

TOT 0R6 CAROON MQ/t 

0.0000 

0.0000 

0.0000 

0,0000 

0 



CONOUCTIVTTY 

HMMHO/CM 

000.0021 

0.7011 

10.9507 

0.7731 

2* 


10. 

HARDNESS 

NC/L 

H5.70TO 

0.0001 

27.0200 

4,7001 

IS 


17. 

SOOlUH 

MC/L 

lO.OOOS 

0.9000 

10.77*0 

0.915* 

2* 

• 

F0R4R0UC CURVE FIT RESULTS 

(Y«AO ♦ Al«» 

ipmii 

• 




CHR 

SENSOR 

UNITS 

At 

*l . 

A2 

STANOOm 

CORR. 


NO. 







Hi *f 1 1 4 J 


1. 

total 6I0HASS 

NIL C/NL 

S.IOOS 

•0.1201 

0.005A 

0.2002 

0.5020 


• J. 

viarle riqhasshtl c/hl 

-1.0017 

■LBLAUM 

•0.0000 





NC/L 

■■nHfTlB 


0.0170 

0.0131 

0.0002 


0. 

TURStOITY-St02"6/L 

1.0002 

-0.1527 

0.0002 

1.150* 

0.0290 


N. 

TOT ORC CARSONNG/L 

•0.SS72 






to. 

AMMONIA 

NC/L 

•t.SOSS 

I.OISB 

•0.020* 

2.0200 

0.9023 


12. 

FM 

RN 

O.itll 

-4.2005 

0.0021 

0.1040 

0.6510 


1?. 

TOT ORO CARBON Mfi/l. 

0.0000 

iKfCxTnii 

0.0000 

HKTVFTT^II 

o.oo*o_ 


IR. 

CONDUCTIVITY 

nmmhO/Cn. 

-2TEJ.1370 

5.1070 

-0.0015 

15.0*51 

0,7900 


10. 

HANONfSO 

NC/L 

100.0051 

0.0100 

0.0090 

27.0000 

0.7015 


LI* 

SOOIUH« 

■"o/y 

_ 11.5000 ■_ 

8.H70 ■ 

0.001* 


!U92*S 



LOCARITHNic CURVE 
CHA SENSOR 

FIT RESULTS (LOCtTlsAO 

^LNU9_ A* 

*A|*L0CCXI ) 

M STANOARO 

miBHHI 

NO. 




ERROR 

COEFF. 

1. total RIONOSS 

nil JVNl 

0.27*0 

ft»yoo5_ 



0.5013 

2. VIABLE BIQHtSSNtL C/HL 

-4.7104 

0.0270 

0.05*1 

0,9257 

5, RES CHLORINE 

NC/L 

•4.1105 

•0.0501 

0.0*14 

0.0047 

0. TURBI0ITY-9142NC/L 

50»2507 

1,0*11 

0.15*0 

0.7011 

0. TOT 0*0 CARBONNC/L 

-1.2575 

1,5020 

0.277* 

9,7133 

10. ANHOMtl 

M6/U 

-0.0111 

0.0021 

0.07*1 

0,7020 

12. FN 

PH 

^0.1715 

9.5905 

0.0113 

0.0400 

13. TOT n*C CARRON HG/L 

0.0000 

0,0000 

0.0000 

0,0400 

1*. CONDUCTIVITY 

mmmmo/C** 

1.0070 

0,0005 

0.0102 

0,7701 

10. HARDNESS 

M8/L 

1,7005 

0,22*Z 

0.00*3 

0.7*25 

17. SOOlUN 

M/L 

0.0025 

0.0*01 

0.072R 

0.9151 


D-39 



MOM SAMMLC SOURCE 1 TO SRMMLE SOURCE « 


linear CURVE fIT RESULTS (Y*A« * At*0 


SENSOR 


>. total RIOMASS mil C/ML 
R. VIANLE OIOmasSmiL C/ml 

R ES CMLONtNe_MO/.V 

*. TURRIOITT«StO>MS/L 
«, TOT ORO CARSONMS/L 


12. RH 
IS. TOT ORG CARRON M8/L 
lA. eO N OUCTlVTTV MMMMQ/CM 
1*. HARDNESS mS/l 

17. SODIUM MG/L 


2.A2SR 

t.SSSt 


2.11R3 

- s.nos 


A.AIS* 


•.SOSO 
Ata.ARlR 
213. RATO 
A. 0733 


0,0037 

•0.0330 

0,0ARR 

0.3200 


0.3R10 

0.0000 

R.T3R2 

0.1730 

0,0000 


STANOARO 

ERROR 


0.7300 

0.0003 

O.SRRO 

2.02RI 


0.1303 


00,7700 

13.1070 


CORR. 

COEM. 


0.0201 

O.OOSt 

JI.OSSSL 

0,3170 

0.0000 


0.37OO 


0.0013 

0.0303 


SAMRlE 

SIZE 


IJ.LM 1*1 ^ i A 


CHA SENSOR UNITS 


STANOARO 


1. TOTAL StOMASS AIL C/ML 

2. V IAQL E_0 IQHAS SMIL C/ML 

3. RES chlorine mo/L 
0. TURSIDtTT«SI02M6/L 


2.3700 

4> i»0 L- 

2.0370 

l.OOZO 


i-1 




10. AMMONIA M«/L -13.0720 

12, RN RM -13.3731 

13. TOT ORG CARROM mq /<. 0.0000. 

10.. CONDUCTIVITY mhhmO/CM -I3A3.3000 

10. maronesS m«/|. 233.0031 


0,0130 

0.0330 

•0.2233 

0.0731 


2. 0730 
3. 0000 

3,1033 

0,0773 


•0.0003 

- 0.0002 

0.0200 

• 0.0000 


O.OAOO 

•0.3030 

8.0000 

- 0,0000 

0.0000 


0.7300 

0.3301 

0,0030 


3.2000 

0.130R 

30.3003 

OA.30TO 


0,0200 

0.0372 

0.3230 


0.0003 

0.0133 

0.0232 

0.0040 



LOGARITHMIC CURVE RIT RESULTS (LOCIYIaAO »A|>L06»I) 


■ >«^0TAL RIQMtSS mi l C/ml 0.3 i:«A .O..M.AJL 

2. VIAOLC RIOHASSMIL C/ml -0.7A32 0.1417 

3. RES chlorine MG/L -0.1012 0.3010 

Ov_IURSIOtTT-St02H6/L 0.p2 3 3 0.3 371 

0. TOT OOC CAROONMG/L -1.7303 1.0104 

10. ammonia h6/l 0.0320 O.OlOA 

12. RM m 0.3233 0.3025_ 

13. TOT ORG CARRON MG/L 0.0000 0.0000 

14. CONOUCTIVITY HhhmO/CM 0,0000 0.7010 

10. MARONESS ^MC/L ^t,.T220 0,2S23_ 

IT . SOOlUM MC/L - 1.0722 1.0120 


1T*NQ'<W C0M-- 

ERROR COEM. 


Jt.JL03iL 

0.42R0 

O.IOlO 

0.3030 

o.ooos 

J.0OO5, 

0.0102 

0.1700 


0.3300 

0.3000 

0,7007 

0.7230 

.0.3A27_ 

0.4232 

0.0437_ 

0.4042 




iiillllNlMi 


■Hi 



tewessiON ^witrsis you i. to «m 3». ht< 
rnc* SAMPLE SOURCE i to sample souhcc • 


LIME** CU»VE FIT 

NESULTS (ra«« t Et*l) 



‘ 


CH* 

NO. 

SENSO* 

UNITS 

A* 

At 

ERNOR 

CONN. 

COCFP. 

IAmNlE 

SIZE 

I. 

TOT«L HIOMSS 

NIL C/nl 

t.ASIS 

•.tot* 

•.•300 

• .••M 

20 

>. 

VI*«tE IIOMSS-IU 


••,3*«S 

•.3135 

• .U*2 

2* 

S. «ES CMIONIME 

N«/L 


l.•«•7 

•.1NR3 



12 

ft • 

TII»«JPtTT-Sl0J“O/U 



••.0113 

I.IOAS 

3. *353 

•.•5*r 

27 

ft t 

TOT ONC C««aON>HI/L 

loOM* 

O.OtOT 

E.t«41 

•.*1*7 

23 


imPfiHik 

NC/L 




».•••• 

25 

Ic • 

>M— “ 

•H 

TllllM 

•.•tot 

•.1*N« 

».S302 

27 

) 3* 

TOT ONC C«*NON MC/L 

•.•••• 

•.•••• 





CONOOCTIVITT 

MMMHO/C** 

•*«.E«ES 

1.0552 

35.2153 

•.AS27_ 

27 

• ft* 

NNNONCSS 

“C/L 

••.nil 

4. 7*01 

•7.111* 

•.••2* 

21 

I » • 

SOOtUN 

NC/L 

••.117« 

•.••5* 

•.•5*2 

«.«20a 

27 









— 


Miuoouc cmvE FIT «auLTS tT»*o ♦ *i»« ♦ 


CMA 

NO. 

SENSOR 

UNITS 

AO 

At. 

•2 

STANOARO 

ENNOR 

CONN. 

eOEFP. 


1. 

TOTAL OIONASS 

NIL C/NL 

1.0123 

•.•274 

4.0145 

4.*2*« 

•.••71 


2. 

VIAOLC SIONASSNIL C/NL 

l.TOSl 

-1.5*35 

•.*•21 

«.l*** 

4. 3154 


5. 

•£S"CHLd'Nlllt NC/i, 


1.444* 

•4.042* 

0.30N4 

0.4414 


• . 

TUN010ITY>SI02MC/L 

1.1014 

•.•**« 

4.42A4 

2.N017 

4.S440 



TOT ONC CANSONmC/L 

5.4A42 

0.2713 

4.4117 

U04*0 _ 

4.452* 



THS®»Ta 

NC/L 

^23<r~ 

l.iiNT 

•0.411* 

2.1743 

0,4104 


12. 

ftN 

NN 

•4.1222 

•2*. 7214 

1.7111 

0.14*0 

4. £530 


11. 

TOT 0N« ri«SON ac/L 

0.00S3 

4.0404 

0.0000 




i*. 

CONOUCTlVITT 

wi««nO/CM 


5. *024 

•0.001* 

1*.7204 

•.•370 


14. 

HANONESS 

NC/L 

1SI.S3I3 

»4.***2 

0.0024 

•3. 054* 

0.7271 



300 lUN 

“C/L 

*aI2j*— 

C.«M5 

•^21LL_ 

_ *.4173 

V.4242 



\6Miu>nt fuifvrrirffiutrs <l ' qc1t T .*» 


CNA SENSOR UNITS 

A* 

A1 

STANOARO 

CORN. 

NO. 



ERROR 

COEFF, 

1. total NIONASS ntl c/nl 

•.I043 _ 

4.3424 

•.•••4 

0.47*1 

2. VIARlC ftrONASS^fL C/NL 

••.04>j 

4,1AI> 

o.li*fi 

0,744* 

5. RES CNLORINE MC/L 

-4.252* 

1 .24A* 

•.4310 

4,424* 

4. TUR0inrTT-SI02MC/L 

0j^0*42 


0.1 3»* „ 

o.ao*i 

• r~tOT 0*C CrtBONMlITC 

btzft* — 


O.OA12 

0,0747 

1*. AMMONIA »C/L 

••.04*« 

l,0*74 

0.05*5 

0.4475 

12. RN R*c 

4.5*51 

•.:•*• 

0,OO«« 

4.5115 

I1.~T0T ORC CARRON "cTt, 

•.44*4 

0.0444 



t*. CONOUCTlVITT mmmmo/CN 

-•.20** 

l.0**0 

0.04«4 

•.•5*2 

1*. MORONCSS MC/L 

•.*••1 

•j*544 

«.t022 

0.4t7* 

17. SODIUM Sitf/c 

•<‘,*04*1 

1 ,'0**3 

0.4 3*2 

O. 45 T 2 
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CAS CHROmTOGRAPH REGRESSION ANALYSIS FOR APR 1. 1979 TO M>R 38. 1979 
PROn SATPLE SOURCE 4 TO SANPLE SOULCC 5 


LIICAR CURVE FIT INSULTS (Y-AS ♦ Al>xX) 


CAL 

COnPOUND 

A8 

A1 

STANDARD 

CORR. 

SAfPLE 

NO. 




ERROR 

COEFF. 

SIZE 

1. 

TETRACHLOROETHYLENE 

-1.4173 

8.4476 

4.7289 

8.7879 

23 

2. 

rriNYLENE CHLORIDE 

23.8983 

-8.8917 

6.1572 

8.2948 

28 

3. 

CARBON TETRACHLORIDE 

8.8888 

8.8888 

8.8888 

8.8888 

8 

4. 

1.2>DICHLOROETHYLENE 

8.8888 

8.8888 

8.8888 

8.8888 

8 

9. 

CHLOROFORn 

1.6938 

8.2243 

4.4288 

8.1995 

23 

S. 

1 . 1 . 1-TR ICHLOROETNANE 

1.8962 

8.8818 

8.5894 

8.3985 

16 

7. 

BROraD ICHLOROrCTNANE 

1.36S8 

-8.1934 

8.4636 

8.2442 

16 

8. 

TRICHLOROETHYLENE 

8.2846 

8.2481 

2.1981 

8.4885 

23 


D IBROn3CHLORO^ETHANE 

1.1S86 

-8.2919 

8.1686 

8.4688 

23 

lal 

BROtDFORM 

8.6796 

8.27ra 

8.5941 

8.5148 

22 

11. 

TRIHALONETHANES 

9.4341 

8.1171 

5.1635 

8.1185 

23 

12. 

TOTAL HALOCAR80NS 

37.6778 

8.8199 

12.1117 

8.1826 

23 

PARABOLIC CURVE FIT RESULTS 

(Y-A8 A14X * A24MM2) 




CAL 

COTfNXJND 

Ak' 

A1 

A2 

STANDARD 

CORR. 

NO. 





ERROR 

COEFF. 

1. 

TETRACW.OROETHYLEHE 

8.4838 

8.1913 

8.8877 

4.5678 

8.7388 

2. 

NETHTLENE CHLORIDE 

29.8769 

-8.9131 

8.8859 

5.3525 

8.5568 

3. 

CARSON TETRACHLORIDE 

8.8888 

8.8888 

8.8888 

8.8888 

8.8808 

4. 

1 . 2-0 ICHLOROETHYLENE 

8.8888 

8.8888 

8.8888 

8.M88 

8.8888 

5. 

L^4.0R0F0Rn 

21.1113 

-2.1865 

8.8666 

4.3677 

8.2535 

S. 

1 . 1 . 1-TR ICHLOROETHANE 

1.8619 

-8.2263 

8.8134 

8.5549 

8.5845 

7. 

BROnOD ICHLOROICTHANE 

2.8666 

-8.6914 

8.8964 

8.4686 

8.2682 

8. 

TRICHLOROETHYLENE 

-8.1538 

8.3343 

-8.8844 

2. 1927 

0.4924 

9. 

D tOtOraCHLOROrCTHANE 

2.9389 

-3.1178 

1.8725 

8.1484 

8.6243 

18. 

BROrOFORN 

2.4878 

-1.7719 

8.5657 

8.5762 

0.5556 

11. 

TRlHALOrCTHANES 

14.4383 

-8.6874 

8.8174 

5.1538 

0.1333 

12. 

TOTAL HAL0CAR80NS 

39.3212 

8.8678 

-8.8882 

12.8843 

0.1225 


LOGARITMniC CURVE FIT r . AILTS (LOGCY3-A0 4A1>N^CX3) 


CAL 

COTPQUND 

A8 

A1 

STANDARD 

CORR. 

NO. 




ERROR 

COEFF. 

1. 

TETRACHLCMOETHYLENE 

-6.W51 

8.8834 

8.2094 

8.8906 

2. 

NETHYLENE CHLORIDE 

1.4199 

-8.1246 

0.1359 

0.4915 

3. 

CARBCW TETRACHLORIDE 

8.8888 

0.8880 

0.8888 

o.moo 

4. 

1.2-D ICHLOROETHYLENE 

0.0888 

0.8880 

0.8088 

8.0888 

9. 

CHLOROFORN 

-0.8813 

8.5213 

8.2974 

8.3233 

6. 

1 . 1. 1-TRlCHLOROETHANE 

0.0817 

-8.8789 

0.3785 

8.4797 

7. 

BRONOD ICHLOROMETHANE 

8.8573 

-8.3469 

8.2361 

0.2242 

8. 

TRICHLOROETHYLENE 

-8.3192 

0.5910 

8.2694 

0.6918 

9. 

D I8RONOCHLOROCTHANE 

-8.8714 

-8.4978 

0.1098 

8.4845 

18. 

BRONOFORN 

-8.8484 

0.2616 

8.2294 

0.5798 

11. 

TRIHALOrCTTWHES 

0.3524 

0.3660 

.•8.2157 

8.3697 

12. 

TOTAL HALKARBONS 

1.5146 

0.0316 

8.1208 

0.2391 
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MCMSitow *MKTsr» row *<»» «. to *m lo, 
moM siMitti sou«ce s to soumce « 



LXNCAM CURVE RIT 

RESULTS (TbRO * t|*l) 



' ‘ 
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a. on* 
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t.RTSZ 

•S.SSST 

O.S20S 

0.1211 
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RS/L 
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J.*l.tt 

12 


R. 
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0.2011 

O.tOTO 

O.SitS 

2* 


*. 
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0.^02# 
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" StUTfR 
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0.012* 

20 


IT. 

SODIUM 

R«/L 

>t*.2RE2 

1.173S 

5. Otis 

O.OTIS 

2* 


MMOOLic eu»ve fir oesults (y»4o ♦ *i»« ♦ «»*»>«»> 
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•o.oost 

2. *00} 
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1. 
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•0 . 77^4 

•0.1*10 

0.*27S 

o.s*o« 

S. 

RES CMLORINE 
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0.3111 

•0.1*27 

o.oeos 

o.***s 

*. 

TURB1DITY>SI02R«/L 

0.101* 


0,1110 

0.*724 


TOT 0** CiRBOR><0^L 

4.0S0O 

— fttfos — 

o'.'iioi 

0.71S* 

1*1 

AMMONIA 

MO/L 

0.1730 

0.0*17 

O.Oit* 

4.0SS7 

12. 

^M 

MM 

0.1170 

0.*20S 

0.0*71 

O.iOSO 


T 0 T W CXAIWONMC /U 

o.oOoo 

o'. 0040 
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mmhho/Cn 

0.0*72 
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0.0021 
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_Ol.O*2T 

0.0S2* 


SOOlUR 

"r«>L 

^2.'1S02~ 

2.100* 

0.07kt 

0.0*20 



L06«NORHAL OISTRIBUTIORt 3EP 3, 1990 TO FEB 26 , 199t 


r 



ONE 

L06(Y)*F(Z) 


CHI 

sample 

AVERAGE 

sigma 

SLOPE 


INTERCEPT 


square 

SIZE 

flash mix PH 








10.9 

0,9 

0.4223E 

-1 

0.1032E 

1 

291,7720 

149 

PLANT FLOW 








l.« 

0.3 

O.tOtOE 

0 

0,1385E 

0 

189,0946 

148 

SLUDGE DENSITY 








0.9 

0.9 

0.3121E 

0 

-0.1451E 

0 

36,5369 

149 

SLUDGE PUMP 








733.4 

139.7 

0.206SE 

0 

0.2849E 

1 

212.8979 

147 

LIME FEED VL. 








73,1 

237,2 

0.52S9E 

0 

0.1444E 

1 

63,7471 

87 
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APPENDIX E 


STANFORO/WMS DATA FOR ORGANIC REMOVAL BY GAC 


This section contains data relative to the performance of activated carbon with 
age for removal of TOC and trace organics. 


Inritjcnt Concentralton. ag/l; 0- Effluent Concentration, ng/l; 0/1- Fractional Concentration 
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Influent Concentration, ug/l; 0- Effluent Concentration, ug/l; 0/1- Fractional Concentration 



17.9 24.7 1.380 12.9 

10.1 19.3 1.911 10.6 










































































































































































































PERFORMANCE OF GRANULAR ACTIVATED CARBON 
FOR REMOVAL OF TPICHLOROETHANE 




































































































































































Influent Concentration, ng/l ; 0- Effluent Concentration, ug/l; 0/1- Fractional Concentration 
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PERFORMANCE OF GRANULAR ACTIVATED CARBON 
FOR REMOVAL OF TRICHLOROETHYLENE 





2.714 

2.286 






































































































































































e 

u 


w 

Urn 


c 


3 


9 

a 


e 

o 


e 

4 ) 










”1 




CO 


px* 

o 

rj 


fn 


PX> 

xr 



«A 





K 

o 










9 

rn 


fn 

eg* 


m 

cA 

d 

fn 


d 






Z 




























2 















^x. 


9 

eg 

00 

fXx. 



oo 

09 





















«n 

fXx 

9 

00* 



mm 

lA 































< 




























< 


_ 


rx. 

eg 

rx. 

m 







8 

8 



(A 


eg 

9 

8 


3 



3 




o 




*n 








vO 

SO 

px* 

e 

rx* 


eg 

eg 

Jn 



V 0 

5 



lA 

2 


o 


d 

d 


d 





o 

O 

o 


i 


eg 

o 

o 

O 



O 

mm 



B 

u 

< 

o 


CO 

CO 







o 


lA 

00 

px» 


lA 

»r 

vA 

CA 



00 

oo_ 




o 




eg 


eg 





eg 

eg 

m 

d 

eg 


lA 

<n 

eg* 

eg 



PX» 

d 



























M 








O) 



eg 





<n 

<n 

9 

CO 

sc 



rx* 

CO 

en 



9 








(A 

CD 







en 



fn 

<n 


eg 

mm 

sc 




g> 

oe 








































— 



«n 

Q 

fn 

9 



pxx 


eg 

eg 

9 
















9 


<n 



fn 


3 

sc 

rxk 


s 

9 






Ul 

O 











sc 

?> 


<n 

•M 

eg 

«r 

sC 

9 






o 








• 


• 

■ 

• 

• 

• 

• 


* 

• 

■ 

■ 






< 



























oc 



























lU 



























> 









tn 



eg 

O 

fn 

8 



lA 


9 

mm 






< 

o 








(n 


CO 

CA 

lA 

«r 

O 

9 

sC 



eg 























eg 

eg 

<n 

eg 

eg 

so 






o 



$ 


u> 

9 


fx* 

m 

rx*. 

CO 

eg 

Cl 

8 














Ul 




hA 

CO 

9 

sc 


m 


cA 

s 














z 

o 

m 

<r> 



9 

eg 

fn 

CO 

eg 

09 















(A 

S 


o 

O 

O 

O 

O 


eg 

o 


o 

o 

d 














3 

fi 



























xW 






























9 

U) 

s 

(A 


eg 


8 


o 














Ul 


o 


«■« 

fx» 

Cs.^ 

CO 


rx. 

o 

rx^ 

sc 

















O 

o 


eg 

eg 

— 


O 



o 

o 














o 



o 

O 

o 

O 

m 

o 




- 

9 

pxi. 

lA 

PXlk 

<n 


3 

CA 








Ul 




o 

U 

Q 

o 

9 

f*> 

eg 




9 

eg 


lA 

9 

eg 


s 






»> 



w 

o 

o 

o 

o 


eg 

eg 


r*x 

fn 

fn 


*■4 

pxx 

eg 

lA 

px» 

w 






sQ 

UlS 

zoe 

o 

O 

o 

d 

d 

d 

d 

d 

d 


d 

d 

d 

d 

d 

d 

d 

d 

d 

d 









s 

d 
























Ul 

oe 

< 

u 

o 

OO'O 

000 

000 

0.07 

0.19 

0.13 

610 


0.91 

fn 

d 

CO 

<• 

d 

sA 

d 

801 

2.22 

3.17 

4.52 

3.09 

2.91 

6.79 
















fn 

fxx 


8 

pxik 

eg 


o 

en 

— 

o 

3 

GO 

lA 










u 


u 


u 

w 

w 

S 

eg 

m 

S 

lA 


•M 


so 


9 







z 

o 

w 





o 

® 

wm 

<n 

eg 

eg 


vA 

eg 

<n 


fn 

CO 






s 

§ 


o 

o 

O 

O 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

O 

o 

O 

O 

O 

o 






Ul 

K 




























< 

U 

o 

S 

s 

s 

S 

s 

s 

s 

s 

o 

m 

♦ 

o 

eg 

♦ 

eg 

fn 

fn 

O 

s 

CA 

sA 

px* 

rx. 

eg 


eg 

SA 









d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 



eg’ 

eg 

eg' 

eg 

lA 










rx» 

s 

m 



m 


9 

CO 

tA 


PXh 

fn 

■JR 

9 

9 


mm 

00 








* 

p-« 


Q 




CO 


eg 

fn 

eg 

eg 

cn . 

<S 

sA 

eg 

LA 

eg 










<n 1 (A 

D 

D 


o 

o 

O 




a 


eg 

d 

pXx 

n 

n 

El 

■ 









_ 


■ 

■ 








■ 

■ 




■ 

■ 

■ 

■ 




I 


:< 

1 

• 

9 S 

§ 

1 

<o 

9 

tH 

1 

SCI 

090 

e 

m 

w 

M 

m 

^•J 

3 

M 

III 

<o 

9 

s 



I 

o 

3 

600 

O 

3 

o 

e 

o 

m 

o 

o 

9 

§ 

o 

o 

9 



n 

1 


1 

I 


I 



PO 

#n 

«n 

m 

m 

w 



C 

4 A 



ex. 

Ci 

1 

9 




E-6 





















Influert Concentration, m 9/I ; 0- Effluent Concentration, i>9/t; 0/1- fractional Concentration 
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PERFORMANCE OF GRANULAR ACTIVATED CARBON 
FOR REMOVAL OF BROMOFORM 





















































































































































































































































































































































































































































PERFORMANCE OF GRANULAR ACTIVATED CARBON 
FOR REMOVAL OF 1. 3 OICHLOROBENZENE 
























































































































PERFORMANCE OF GRANULAR ACTIVATED CARBON 
FOR REMOVAL OF 1, 4 DICHLOROBENZENE 
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PERFORMANCE OF iRANULAR ACTIVATED CARBON 
FOR REMOVAL OF NAPHTHALENE AND 1, 2, 3 TRICHLOROBENZENE 


!• Influent Conc«ntrat1on, ng/1; 0- Effluent Concentration, ng/1; O/I- Fr- tlonal Concentration 


REGENERATED 

CARBON 



EXHAUSTED 

CARBON 


Bl 

wmm 

m 

IS 

0.003 

155 

4S 

im 

mm 

15 

EESH 

20 

25 
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50 
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40 

280 
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65 

1280 
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1485 
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PERrORMANCE OF GRANULAR ACTIVATED CARBON 
FOR REMOVAL OF HEPTALDEHYDF 

































































































PCRFORMANCE OF GRANULAR ACTIVATED CARBON 
FOR REMOVAL OF P-XYUENE 


I* Influmt Conctntratlon, 9/I; 0- Effluant Concentration, g/U O/I- Fractional Concentration 
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PERRSRtMANCE OF GRANULAR ACTIVATED CARBON 
FOR REMOVAL OF M-XYLENE 


I- Influent ConcMtratlon, ng/l; 0- Effluent Concentration, ng/1; O/I- Fractional Concentration 
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PERFORMANCE OF GRANULAR ACTIVATED CARBON 
FOR REMOVAL OF 1-METHYL NAPHTHALENE 



















































































































































































































































































































APPENDIX F 


PLANT DOWNTIME AND MAINTENANCE LOG 


APPENDIX F 


PLANT DOWNTIME AND MAINTENANCE LOG 


This section contains a chronological listing of equipment problems experienced 
during Part II of the test period. 
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* Equlpamt or Process CeHSlng Plent ShutdoMn 
(f) Niai>er of Process Ceusing Downtlw 











Equlpaent or Process Causing Plant ShutdcMOi 
Nunbor of Process Causing OaMntlne 



(C) € 







ORiC-r-L PAGE 13 

OF POOR QUALITY 














PLANT DOUNTINE AND NNINTENANCE LOG 

Eoutpant or Proctss Uus 1 n 9 Plont ShutdOMn 
Nuaber of Process Causing Oowntlae 



i 





( 


I 










^1 







^ 2 V V 

jU ifl 2 S M ^ ~ 

1 

1 i£2ia?g 

t/> lA 

w» ^ ^ M 

<M lA •« 

mt * 


« , « • • • 

9 m Kt «n « o* 

w 

g 

1 «L 

i| 

[1 

r ■; 

5 a 8 8 2 ^ f 

<5s 

s . . . • 3 5 5 

; 1 § i 1 ill 

§ 1 1 ^ ill If M i 
1; 1 % III ll^i 5 

• ! 1 ‘g « • » n » 1 i ; 

S: “sTSss Ills. 1 

1 ! 1 li 1 1 ! ! 1 1 It 5 j 

— 




•JIO 

" " c c c ~ 

^ • s/l Ol « 

f 

ES a* SSR ~.»2 = 

Jf JJ III 111* 1 


j 

F-7 







J 
















PLWIT OOUNTlHt AND MAINTFJMMCE LOG 

* CquffNMiit or Process Causing PUnt SliutdoMn 
(f) Nuiber of Process Ceustnn Oowntiw 





APPENDIX G 


WMS COSTS 


APPENDIX G 


WMS COSTS 


This section contains operating and maintenance costs Incurred by each 
sensor/ subsystem In the WMS during the test period. A list of reconnended spares 
Is also included. 

Sample Collection and Distribution System 

The following expenditures can be expected for 8 months of continuous opera- 
tion: 


1) 50 Stainless Steel Filter Screens $ 66.00 

2) Pneumatic Cylinder 45.00 

3) Pump Boots 20.00 

4) Pumo Parts 66.00 

5) Drive Belts 12.50 

6) Red Valv^5 62.50 

7) Pressure Transducers 165.00 

8) Red Valves Sleeves (4) 120.00 


Total * $5 57 TOO 

Recommended Spares: 

1) 50 Stainless Steel Filters (10) 

2) Pressure Gages (1) 

3) Pump Boots (4) 

4) t\)nyo Pimp (1) 

5) Drive Belts (2) 

6) Red Valves (1) 

7) Pressure Transducer (1) 

8) Red Valve Sleeves (4j 

9) Pneumatic Back Flushing Cylinder (1) 

The only major hardware components to fall during the test period were Red 
Valves, one Monyo pump, and one pneumatic cylinder. As such. It Is not yet 
possible to estimate the life expectancy of the system except to state that It 
should be at least 4 years. 

During the course of the test period, 7 man-hours were spent for scheduled 
maintenance and 9.75 man-hours for unscheduled maintenance. 


Commercial Sensors 


Total Organic Carbon 

The following expenditures can be expected for 8 months of continuous 
operation: 


11 

Phosphoric Acid 

S12S.00 

21 

Pump Tubing 

33.00 

31 

Sample Pump 

250.00 

41 

Persul fate 

744.00 

51 

U.V. Lamps (31 

540.00 

61 

Filters 

33.00 

Total ■ $l^2S.bO 


Recomnended Spares: 

1) Sample Pump (1) 

21 Reagent Ptwp (11 
31 U.V. Chamber Pump (11 
41 U.f. Lamps (31 
si Pump Tubing 

61 Fiberfax Filter (Mist Filter) (i Ib.l 

The overall life of the analyzer -has yet to be determined. During the 
course of the test period 32.0 min-hours were spent on routine maintenance and 
11.5 man-hours on unscheduled maintenance. 

Hardness Analyzer 

The following expenditures can be expected for 8 months of continuous 
operation: 


11 

Bromide Electrodes 

S 175.00 

21 

Copper Electrodes 

273.00 

31 

#113201 Reagent (21.45 Gal.l 

1393.00 

41 

Pump Tubes (3 setsi 

90.00 

51 

Calcium Carbonate 

7.00 

61 

Ammonium Hydroxide 

3.00 

71 

Hydrochloric Acid 

3.00 


Total . iTWTnr 


Recomnended Spares: 

1) Pump Tubes (2 sets! 

21 Rromide Electrode (11 
31 Cooper Electrode (1) 







The overall life of the analyzer has yet to be determined. However, the 
apparent life expectancy of several of the components has been determined: 


1) Electrodes - 6 months 

2) Pimp Tubes - 3 months 

3) Flow Cell - 2 years 


During the course of ^e test period, 67.75 man-hours were spent on 
routine maintenance and 4.75 man-hours on unscheduled maintenance. 


I 


I 



Nitrate Analyzer 

The following expenditures can be expected for 8 months of continuous 


operation: | 

1) Phosphoric Acid $329.00 

2) Marshals Reagent 327.00 

3) Sulfanilamide 198.00 

4) Poppet Valves 30.00 

5) Cadmium 50.00 

6) Potassium Nitrate 8.00 

7) Ammonium Acetate 10.00 

8) Acetic Acid 10.00 


Total • $962.00 

Spares 

1) Poppet Valves (4) 

2) Metr leone Drive w/ Motor (1) 

3) Pump Bellows (1) 

4) Pump Motor (1) 

5) Diaphragms (Air Pump) (2) 

The overall life expectancy of the analyzer has yet to be determined. 
However, the apparent life expectancy of several components has been 
determined. 

1) Metricone - 2 years 

2) Pimp Motor - 3 years 

3) Pump Poppet Valves - 6 months 

During the course of the test period, 19.5 man-hours were spent on 
scheduled maintenance and 22.0 man-hours on unscheduled maintenance. 

pH Analyzer 

The only operating cost Incurred during operation will be $50.00 for 
standards. It Is reconmended that a spare electrode be kept on hand. The 
estimated life expectancy of the electrode Is 3 years. During the course of 
the test period, 2.0 man-hours w^re spent on routine maintenance and 1.0 
man-hour on unscheduled ma1ntenai.:e. 
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Residual Chlorine Analyzer 


1 


The following expenditures can be expected for 8 months of continuous 
operation: 


1) 

Redox Electrodes 

$150.00 

2) 

Iodine Electrodes 

150.00 

3) 

#112501 Reagent 

456.00 

4) 

#112502 Reagent 

456.00 

5) 

Residual Chlorine Standard 

19.80 

6) 

Pump Tube Sets (3) 

150.00 


Total ■ $13500’ 


Recomnended Spares: 

1) Pump Tubes (2 sets) 

2) Redox Electrode (1) 

3) Iodine Electrode (1) 

The overall life expectancy of the analyzer has yet to be determined. 
However, the apparent life expectancy of several of the components has been 
determined: 

1) Electrodes - 6 months 

2) Pump Tubes • 3 months 

3) Temperature Controlled Flow Cell - 3 years 

During the course of the test period, 50.75 man-hours were spent on 
routine maintenance and 2.25 man-hours on unscheduled maintenance. 

Sodium Analyzer 

The following expenditures can be expected for 8 months of continuous 
operation: 


1) Sodium Electrode (1) $165.00 

2) Reference Electrode (1) 42.00 

3) Anhydrous Ammonia (1 cyl.) 45.00 

4) Sodium Chloride (3.3 lbs.) 14.52 


5) Reference Electrode Electrolyte 15.00 

Total - W757 


Recommended Spares: 

1) Sodium Electrode (1) 

2) Reference Electrode (1) 

The overall life expectancy of the analyzer has yet to be determined. 
However, the life expectancy of the reference electrode Is approximately 1 
year. 
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During the course of the test period, 70.00 man-hours were spent on 
scheduled maintenance and 13.5 man-hours on unscheduled maintenance. 

Temperature Sensor 

The following expenditure can be expected for 8 months of continuous 
operation of the two temperature sensors. 

Action Pac electronics module (1) $125.00 

The only recommended spare is 1 Action Pac electronics module. 

The life expectancy of the sensor has yet to be determined. During the 
course of the test period, .5 man-hour was spent on scheduled maintenance and 
.5 on unscheduled maintenance. 

Turbidity 

The following expenditures can be expected for 8 months of continuous 
operation of the Si grist Model UP52-TJ Photometer: 

1) Chart Paper (2 rolls) $32.00 

2) Light Source (2) 15.00 

3) Glow Lamp (1) _ 9.50 

Total ■ $58. 50 

Recommended Spares: 

1) Chart Paper (1 roll) 

2) Light Sources (2) 

Since there have been no major component failures in the Si grist 
Photometer, the life expectancy has yet to be determined. During the course of 
the test period, 2.25 man-hours were spent on scheduled maintenance and .25 
man-hour on unscheduled maintenance. 

Ammonia Analyzer 

The following expenditures can be expected for 8 months of continuous 
operation: 


1) 

Sodium Hypochlorite 

$501.00 

2) 

Sodium Hydroxide 

52.00 

3) 

Phenol 

^ 134.00 

4) 

Sodiun Metaphosphate 

7.50 

5) 

Ammonium Chloride 

4.00 


Punp Check Valves (4) 

60.00 

7 

Hydrochloric Acid 

30.50 



Total - $789.00' 
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Recommended Spares: 


1) Metrlcone Drive Unit w/motor (1) 

2) Pump Check Valves (4) 

3) Glass Flow Cell (1) 

4) Spare Pump Motor (1) 

5) Pump Bellows (1) 

6) Diaphragms (Air Pump) (2) 

The overall life expectancy of the analyzer has yet to be determined. 
However, the apparent life expectancy of several of the components has been 
determined: 

1) Metrlcone Assembly - 2 years 

2) Pump Motor - 3 years 

3) Pump Check Valves - 3-5 months 

During d>e course of the test period, 159.75 man-hours were spent on 
scheduled mal'.tenance and 18.25 man-hours on unscheduled maintenance. 

Conductivity 

The Beckman conductivity sensor required no consumables and suffered no 
part failures during the test period. 

There are no recommended spares for this sensor. 

During the course of the test period, .5 man-hour was spent on scheduled 
maintenance, and no man-hours on unscheduled maintenance. 

Dissolved Oxygen Analyzer 

The following expenditures can be expected for 8 months of continuous 
operation for the Delta Scientific unit: 


1) 

Sodium Sulfite 


$ 10.00 

2) 

Cobalt Chloride 


8.00 

3) 

Membrane Kit (1) 


42.00 

4) 

El ectrol y te 


15.00 

5) 

D.O. Test Kit 

— 

25.00 

Total « $100.00" 


Reconnended Sparos: 

1) Membrane Kit (3) 

The overall life expectancy of the analyzer has yet to be determined. The 
only significant failure which took place was the electrode. Based on this It 
appears the electrode's life expectancy Is 4 years. 
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During the course of the test period, 4.0 man-hours were spent on routine 
maintenance and 0.5 man-hour on unscheduled maintenaiice. 

Chemiluminescence Biosensor 

Since the biosensor Is a prototype unit unique to the VMS, the major 
Initial material cost figures are presented: 


1) 

Photometer (1) 

$2,000.00 

2) 

Peristaltic Pumps (2) 

1,046.00 

3) 

Chart Recorder (1) 

700.00 

4) 

Teflon Valves (5) 

600.00 

5) 

Air Solenoid Valves (6) 

480.00 

6) 

Flow Meters (2) 

100.00 

7) 

Tubing and Fittings 

200.00 



Total « $5,1200” 


The following expenditures can be expected for 8 months of continuous 
operation: 

1) 5- Amino- 2,3- dihydro- 1,4 - 
phthalazinedlane (12 g) 

2) Sodium Hydroxide (50t) (1 qt) 

3) Hydrogen Peroxide (30%) (1 pt) 

4) Carbon Monoxide (3 cylinders) 

5) Pump Tubes (4 pks) 

6) Solenoid Valves (2) 

7) Valve Bushings (4) 


Recommended Spares: 

1) Photomultiplier Tube (1) 

2) Valve Bushings (8) 

3) Teflon Valve (1) 

4) Solenoid Valve (1) 

5) Peristaltic Pump (1) 

As there have been no major component failures, the life expectancy of the 
biosensor has yet to be determined. 

During the course of the test period, 77.0 man-hours were spent on 
scheduled maintenance and 15.0 man-hours on unscheduled maintenance. 

Conform Detector 


% 30.00 

7.50 

11.00 

173.50 

10.00 

180.00 

6.00 

Total ■ $41d.OO 


The estimated material cost for the breadboard detector Is $5K. 
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The following expenditures can be expected for 8 months with one run a 


1) 

Media (5.6 lbs) 

S 89.00 

2) 

Platinum Electrodes (3) 

255.00 

3) 

Nitric Acid (2 pts) 

45.00 

4) 

Pump Tubes (5 pks) 

33.50 

5) 

Thermometers (5) 

118.00 

6) 

Thermistors (3) 

61.00 

7) 

Temperature Control Boards (2) 

125.00 

8) 

Electrolyte (6.6 pts) 

40.00 



Total • $765TW 


Recommended Spares: 

1) Thermometers (5) 

2) Electrodes (3) 

3) Peristaltic Pump (1) 

4) Teflon Valves (2) 

5) Valve Bushings (10) 

6) Valve Port Faces (10) 

7) Solenoid Valves (2) 

As yet the overall life expectancy of the col i form detector has not been 
determined. However, the apparent life expectancy of the electrodes appears to 
be 3 years. The life expectancy of the valve bushings and port faces is also 3 
years. 


During the course of XJhe test period, 110.00 man-hours were spent on 
routine maintenance and 100.00 man-hours on unscheduled maintenance. 

Gas Chromatograph 

The initial cost of the VMS automated GC was $78K. 

The following expenditures can be expected for 8 months of continuous 
operation: 


1) 

Nitrogen Gas (2 cyl) 

$130.00 

2) 

Argon-methane Gas (3 cyl ) 

150.00 

3) 

Chart Paper (4 boxes) 

237.00 

4) 

Printer Head (1) 

100.00 

5) 

Valve Bushings (2) 

50.00 

Total - •$667'.TJD" 


Recommended Spares: 

1) Preparative Column Prefilter (1) 

2) Bendix Valve Bushings (2) 

3) Analytical Column (1) 
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The useful life of the GC has yet to be determined. The Instrumentation 
should last for many years; however, the analytical and preparative columns may 
require replacement more often. 

During the course of the test period, 51.0 man-hours were spent on routine 
maintenance and 140.0 man-hours on unscheduled maintenance. 


D eionized Water System 

The following expenditures can be expected for 8 months of continuous 
operation: 


1) 

Rogard Filters 

$ 130.00 

2) 

Carbon Filters 

160.00 

3) 

Ion-Exchange Filters 

475.00 

4) 

Reverse Osmosis Cartridge 

550.00 

5) 

Pump Impellers (3) 

16.50 

6) 

Sodium Hypochlorite 

23.00 

7) 

Chlorine Filter 

16.00 



Total • $1370.50 


Reconnended Spares: 

1) Pump Impellers '3) 

2) Regard Filters (8) 

3) Carbon Filters (4) 

4) Ion-Exchange Filters (8) 

The useful life of the deionized water system has yet to be determined. 
The life expectancy of the various filters has varied significantly throughout 
the test period. 

During the course of the test period, 10.0 man-hours were spent on routine 
maintenance and 3.5 man-hours on unscheduled maintenance. 
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